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GENERAL INFORMATION 

l.I GENERAL DESCRIPTION - INTEGRATED PROGRAMMABLE ELECTRONIC CONTROLLER 

& HYDRONIC SUB-SYSTEM 

The Sunkeeper I.P.E.C.H. subsystem is a completely assembled, piped, 
wired and tested package. It is designed to be used in large residen- 
tial and small commercial solar heating applications. The package 
consists of three basic systems, a power panel and programmable micro- 
processor, a hydronic solar coi lection pumping system and a hydronic 
heating hot water pumping system. 

The package requires only field connection of piping, power and sensor 
devices. It may be programmed to collect solar energy from the user's 
collector based on a number of user determined inputs such as solar 
insolation, date, time of day, outdoor ambient conditions, etc. In 
addition, it may be programmed to heat various zones of the user's 
facility as determined by user installed zone thermostats or to store 
collected solar energy in user supplied storage tanks. Once user 
supplied inputs are connected, sequence of operation, set-points, and 
priorities may be changed at will without the need for field wiring 
changes . 

The user may, through the use of a compatible portable printer terminal, 
have access to the controller either on site or remotely by telephone 
modem. Access features include a 33Lhour programable Interval history file 
of user selected data, print-out of all ’inputs and oiifnuts, location of 
control sequence in program, aoility to edit program and program print-out 
In addition, the controller may be connected to a re.'’>nte master computer 
for data logging or master command,, interrogation or program editing. 

Built In Flexibil tty Control sequence easily changed or modified 

by plant electrician or maintenance personnel 

No Software Costs User estabi ishes his own control sequence and 

uses simplified commands to enter sequence 

into Sunkeeper - no initial or future software 


expenses. 

Lower Overall Costs No outside personnel required for instal lat ion, 

programming, or operation. 

More Efficient Uses less electrical power and is physically 

smaller than hard wired relay controllers. 
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All solid state construction - no moving 
parts that wear out or. require alignment. 
Control sequence easily adapts to accept 
additional sensors or actuators as system 
expands. 

Permits communications between Sunkeeper 
Control Unit and computer modems, printers 
or displays. 

Monitors system performance and control 

operations and with printer terminal provides 
hard copy print“out of history of events. 

Accurate for 25 years, increments (seconds, 
minutes, days, etc.) can be included as part 
of user's control sequence. 

.2 CAPABILITIES 

A powerful, non-erasable master program is stored in the Sunkeeper Control 
Unit's 8K of PROM memory. This factory suppHed master control program allows 
the user to enter his particular control sequence program in the 16K of RAH 
memory. The combination of the master program and the user's control sequence 
provides the control for both the Sunkeeper Control Unit and the energy system 
being monitored. 

The master program can perform the following basic mathematical operations 

Addition of analog input values 
Subtraction of analog input values 
Comparison of analog input values 
Less than (<s^) 

Greater than '(:?=') 

Equal to ( = ) 

Averaging of analog input values or % of "on"tims of 
digital output, Input or bit values. 


More Reliable 


Future Expansion 


Computer Compatabi 1 i ty 


Data Logging 


25 Year Calendar/Clock 
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In addition the master program can also solve the logic of a series 

I 

of operations such as in the follov/ing statement: 

If the value of A less the value of B Is greater than C 
do a task 

The user's control sequence is a specific logical operation that takes 
into consideration all the variables effecting his system (temperature, 
time, switch settings, etc.). When certain conditions are met, the control 
‘ sequence uses ti'c output lines to alter the operation of the system being 
monitored. 

. The clock is the only major component of the Sunkeeper Control Unit 
that is not controlled by either the master program or the user's control 
sequence. This calendar /clock has a 25 year life span. The clock is extremely 
accurate and provides discrete time increments of tenths of a second, seconds, 
minutes, hours, time of day, week, month and year. The clock automatically 
compensates for Leap Years and months having 3l days'. It never needs to be 
adjusted as long as power is not lost for longer than two consecutive days. 

But even then, it Is easily reset and will continue to run with the same accuracy. 

4 

The clock increments (seconds, hours, days, etc.) can be used by the users control 
sequence for time clocking functions, step controlling functions, or to set time 
delays between energizing or de-energizing a series of items. (Refer to Sect. 3*5) 
Another unique capability of the Sunkeeper Control Unit is the ability 
of the master program to perform data logging operations. This data logging 
feature permits the status of any combination of inputs or outputs (up to 16) 
to be sampled at selectable intervals. Upon request by the user, the log 
containing the averaged values of the monitored lines is printed out in a 
format usable by plant engineers or maintenance personnel. 


As the user constructs, debugs or edits his control sequence the master 
program monitors the entries and, if incorrect procedures are attempted, 
prints out an error message that identifies the incorrect action. The user 
can also modify an existing control sequence without: actually first- destroying 
the old sequence. This permits the user to evaluate a new control sequence 
before making it permanent in his system. 

The Sunkeeper Control Unit also permits both digital outputs and analog 
inputs to be disabled from the operating system and other values assigned to 
these lines. By use of terminal unit. Tb-is disable feature- Is especially useful 
when checking out new equipment added to an existing ’system or when servicing 

I 

or troubleshooting a system that issuspected of improper opratlon. 

The Sunkeeper Control Unit has a complete computer- 1 ike interface with 
provisions for selectable data transmission (baud) rates. This permits a 
wide variety of interfacing equipment for input/output operations- (computers, 
teletypewriters, CRTs, printers, etc.) 

The I.P.E.C.H. subsystem is designed to pump water and control flow 

* ^ 

through any or all of eight solar collectors or hot water heating zones. The 
pumps and zone control valves of the subsystem are wired to the control panel. 
The Sunkeeper controller in the panel may be programmed to turn these ”0FF" 
and "OM". The Sunkeeper controller will accept up to 32 digital inputs 
(switch closures) and 32 analog inputs . The basic I.P.E.C.H. 

subsystem requires the first 18 of a total of 32 dig'ital outputs available 
are used to control the zone valves and pumps. The remaining l4 autputs 
may be wired to control user determined items such as relays, motofized valves, 
alarms, etc. These outputs are in the form of SPOT 'switch closures. Any 
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or all of the inputs may be used in programming to cpntrol all outputs. 

Any 16 of the inputs or outputs may be data logged. 

FEATURES 

The rugged solid state construction of the Sunkeeper Control Unit allows 

t 

it to be installed in normal work areas. No special’ enclosure or environment 
is required. Even occasonal water splashes or rain do not effect the controller 
operation. Also, it not effected by high humidity, high or low temperatures 
and it can operate in lilgh dust levels. 

The back up battery continues to power the calendar/clock and the RAH 
for up to two days if normal AC pov;er is lost. During this battery powered 
period the Sunkeeper can not perform any control operation, but the clock 
timing and user's control sequence is not lost. This prevents temporary 
poiver losses from erasing the user's control sequence thus necessitating 

having to reload the complete sequence. The master .control sequence can 
not be lost, damaged, or altered by extended power outages (less than 60 
days) or even by incorrect programming or opefator actions. The indestruct- 
able master control sequence can be changed or erased only at the Sunkeeper 
factory. 

All inputs (32 analog and 32 digital) and outputs (32 digital) lines 
are optically isolated by the internal circuits. This isolation prevents 
high voltage transient spikes from damaging the processing circuits. 

The 32 digital inputs accept on/off conditions that monitor the status 
of motor starters, valves, switches, door closures, .alarms, thermostats, 
and other interlocks. The 32 analog inputs can be Connected to detectors 
that monitor temperatures, pressures, light intensity flovj rates, humidity 
or other control variables. Thermistor sensors produce reading directly In 


degrees Farenheit. No conversion Ts needed. The 3^'dlgita] (on/off) outputs 
can be used to start or stop irptors, open or close valves^ and perfonn other 
functicms in the 'control scheme. 

The Sunkeeper Control Unit has plug-in connections for input and output 
control wiring. This permits the unit to be disconnected quickly and easily 
during initial hook-up and also for maintenance procedures. 

Multiple Sunkeepers (up to 10 units) can be interconnected utilizing the 
standard ASCII procedure to produce more complex systems and also to permit 
a centra! communications station for all units. 

The I.P.E.C.H. sub-assembly is a complete factory wired and tested package. 
Ail components are mounted on a structural steel frame. The control panel 
contains the Sunkeeper Controller, k triac relay boards, terminal strips, 
convenience outlet, transformer, motor starters and circuit breakers. The 
sub-system requires only field connections to user supplied power and solar 
and heating zone piping. User supplied sensor and digital input wiring may 
be connected to the terminal strips provided. In addition, user supplied 
controls such as valves, relays and motor starters may be wired to the 
terminal strips provided. User must supply control voltage power source 
for these additional items. 



While the Sunkeeper Control Unit can be configured in many applications, 
most usages can be classified under one of the following four major applica- | 

t i on head i ngs : j 

1 . Energy Management Systems 

2. Control & Monitoring Applications 

3. Lighting Control ♦ I 

k. Data Logging ! 

I 

I 
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1.5 Subsystem performance specifications 
SUBSYSTEM ENVIRONMENT 


TEMPERATURE: 
RELATIVE, HUMIDITY: 
PRIMARY POWER: 


^ 0 " to lOO’F 

5 - 95!^ non-condensing 

11 / + 10 %, single phase, two wire 

6 o Hz 30 amp service 


HYDROMICS . 


COLLECTOR CIRCULATION SYSTEM 


FLOW RATE: 

MAX PRESSURE: 
PRESSURE HEAD: 


15 gal ./min; 

30 PSI 

20 feet maximiiin 


• RSGff jg- 


FLUID TEMPERATURE: *2^0°F . ■ . 

PUMP DUTY CYCLE: 100% 

UP TO EIGi-T ( 8 ) ELECTRICALLY VALVF.O PORTS FOR ARRAY 
CONTROL AT 3.3 Cv/VALVE 


ZONE WATER SYSTEM 


l|0''GPH ” • ■ • 

30 PSI . . 

30 ft, max. 

2^i0“F Max. • 

100 % . . 

UP TO EIGHT ( 8 ) ELECTRICALLY VALVED PORTS FOR ZONE 
CONTROL AT A.l Cv/VALVE 


FLOW RATE: 

MAX PRESSURE: 
PRESSURE HEAD: 
FLUID TEMPERATURE: 
PUlU DUTY CYCLE: 


COLLECTOR PANEL MA NIFOLD VALVE MODULE 

MAX. PRESSURE: 125 PSI 

VALVE ACTUATOR: 6 V/atts @ 2*WAC 

VALVE ACTUATION TII5& 10 Seconds ■ 

MAX TEMPERATURE: 21^0“ F 

PIPE SIZE: 3/4 Inch Output, 1 1/2 Inch Inlet 


ZONE MANIFOLD VALVE MODULE 

MAX. PRESSURE. 125 PSI 

VALVE ACTUATOR: 6 Watts 6 2l<VAC 

VALVE ACTUATION TIME: 10 Seconds' 

MAX. TEMPERATURE: 2l|0"F 

Pi PE SIZE: I Inch Output, 1 1/2 Inch Inlet 
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1 

AUXtUARV r:HERGY SOURCE CIRCULATOR PUMP I 

’ J 

' CONTROL IS AVAILABLE FOR UP TO 1 HP PUMP | 


DESIGN LIFE OF ALL SUBSYSTEM MODULES; 20 Years 
CONTROLLER ' ■ 


PHYSICAL SIZE 

SIZE: 32*' X A'x6-' Height - ' • 

SUBSYSTEM WEIGHT; Approximately 500 pounds 

I 

DESIGN LIFE ■ ’ ' , 


POWER: H7VAC + 60 Hz, 25 Watts 

SIZE: 2^1.0" X 16.0" X A. 75” 


ANALOG INPUTS 


THERMISTOR: Potent iometric measurement v^Ith pull 

up resistor (3Kfl) to +6.2V 
ANALOG; .0 to 6.2V., Zin > 3K 

MANUFACTURES; Fenwal; or Precon 
SWITCH INPUTS 


RISING THRESHOLD: 5-2 - 15.5 Volts 

FALLING THRESHOLD: 1.75 “ 7-3 Volts 
INPUT IMPEDANCE: 1.5K 

STATE DEFINITION; OPEN = GMD « OFF 
LED INDICATOR WITH EACH INPUT 


DIGITAL OUTPUT 


CURRENT CAPABILITY: 100 niA sink* max. 

VOLTAGE: Clamped to*+2W, -0.3V 

LED I ND I CATOR W i TH EACH OUTPUT , 


VOLTAGES (AVAILABLE FOR ukll) l 


•1*5, 1 8 , lA?. Volts Avail nblc* On Conneetprs 

@ 250 inA Max. Eaciv . 
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SECTION II INSTALLATION 


PS £OOit QUAUI'V 


2.1 UNPACKING AND- INSPECTION OF SUNKEEPER CONTROLLER 

t 

' The Sunkeeper Control Unit Is shipped In a durable box that will protect 
the unit from damage during normal handling. The Sunkeeper Controller Is 

shipped separately from the I.P.E.C.H. package and must be field installed 

* » 

in the control panel. 

NOTE . 

It is recommended that the shipping carton and the shock resistant 
foam packaging material be saved for use as a storage container or, 
in the event the unit has to be returned to the' factory, as a shipping 
carton again. 

Each Sunkeeper is shipped with six standard i'nput/output ribbon cables and 
a 7th communications cable that ts specifically configured to rnterface the 
user's terminal {TTY, printer, CRT) to the Sunkeeper*. Four of the ribbon 
cables are terminated at one end with a 25 pin female connector and the other _ 
two cables have a male 25 pin connector at one end. These 6 ribbon cables have 
the other cable end wired to input/output terminals so that they pan be connected 
to the Toad side of the control system. 


Be sure to check the equipment and accessories found in the 
shipping box agains the Invoice or bill of materials to ensure 
that the correct items were received. ,, 

After completely unpacking, a thorough inspection of all items should 
be made. In particular, check the Sunkeeper for obvious damage to the cabinet 
or for a cracked or broken display panel. 


2.2 . SITE REaUlREflENTS 


The Sunkeeper operates in normal working environments. No special 
conditions are required, unless the temperature or humidity exceeds the units 
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wide ranges of i»o to l00°f or 5 to 953> humidity. 

1 

Therefore, while the Sunkeeper performs the control functions commonly 
only found In delicate computers, It can be Installed directly In normal 
working areas. It’s rugged, solid state construction can withstand the 
typical control room conditions because It Is drip proof, vibration resistant, 

i 

and Immune to electrical ’’noise" (static). 

a- • . A4< - - - '■ 

'"The Sunkeeper Is designed to be vertically mounted so' that the seven . 
interface cables route out of the bottom of the unit'. The only restriction ^ .v 


on the physical placement of the unit Is that a normal air flow should be able 
to pass 


through the unit, ^he Sunkeeper Is located In control panel. , 

* 

NOTE 


Do not mount or stack I terns directly above or below an Installed 
S inkeeper Unit. These Items may prevent the Sunkeeper from receiving 
the air flow normally used to cool the unit. 

<The Sunkeeper Control Unit requires a standard .three prong ground 115 VAC 
power receptacle which has been provided In the control panel. 


CAUTION , 

REFER TO SECTION 3 BEFORE PLUGGING IN POWER CORD ORSGINAO ?AT3E 


2.3 CONNECTION OF INPUTS AND OUTPUTS 

The recommended configuration for Input and output connections Is shown in 
Dwg. 105^-000. The ribbon cables are routed from the Jacks on the Sunkeeper 
to one side of the terminal block. Each individual wire in the cable Is 
separated, stripped, and attached to the corresponding terminal number on 
the block. 

Tables 2-1 through 2-3 list the signals assigned to the Individual 
wires in the ribbon cable connected to the Input/output Jacks. 


« 




Page 2-2 
















I 


1 

! 

I 

The customer load side wiring connects to the other side of the 
terminal block. It ts recommended that 18 gauge wire be used for this 
customer Interface. This gauge ts sufficient for wire 'lengths up to 
1000 feet. 

ft 

All 32 digital Inputs and 32 analog inputs are prewired to terminal 
strips. Refer to wiring diagram D\^/g. 105^ for identification of these 
i terns . 

The first 18 trial outputs have been factory wired to control the 
zone valves and pumps. The balance of 14 trial outputs have been factory 
wired to terminal strips in the control panel. For identification of 
these items refer to wiring diagram Dwg. I05^“000. 
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TABLE 2~l 


ASSIGNMENT OF INPUT SIGNALS 


t 

I 


Wire or 
Pin No. 


Digital Inputs 
to Sunkeeper 
Connector JA 


Digital Inputs 
to Sunkeeper 
Connector JB 


Analog Inputs 
'to Sunkeeper 
•Connector JH 


Analog Inputs 
to Sunkeeper 
Connecto" JJ 








1 

2 

3 

ii 

5 

6 

7 

8 

9 

10 

11 

12 

13 

1^» 

15 

16 

17 

18 

19 

20 
21 
22 
23 
2k 
25 


INI 

IN2 

IN3 ' 

IN4 

IN5 

IN6 

IN7 

IN8 

IN3 

INIO 

INI] 

INI2 

INI3 

INI4 

INIS 

INi6 

+24V 

+2kV 

+2i»V 



+24V- 

GND 

GND 

GND 


Note 


IN17 

IN18 

INI9 

IN20 

IN21 

IN22 

IN23 

IN2l{ 

IN25 

IN26 

IN27 

1N28 

IN29 

IN30 

IN31 

IN 32 

+2k\i) 

•f-2^v| 

+24vl 


+24V| 

+2kV 

+24V 

GND 


GND 

GND 

/ * 


See Note 


A1 

A17 

A2 

AJ8 

A3 

A19 

A4 

A20 

A5 

A21 

A6 

A22 

A7 

A23 

A8 

A2k 

A9 

A25 

AiO 

A26 

All 

A27 

A12 

A28 

A13 

A29 

A14 

A30 

A15 

A31 

. 

A32 

+2^ Vi 


f+2kV 

+2^V 


+2kV 

+2kV 


+2kV 

+2kV 

^ SEE NOTE ^ 

+2kV 

+2kV 


+24V 

+2kV 


+2kV 

GNO ; 


GND 

GND 


GND 

GNO / 

^GNP 


NOTE: +24V and GND are not Inputs but are available 

at the designated connector pins for customer use. 


TYPICAL CONNECTION CONFIGURATION 
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TABLE 2-2 


Wire or 
Pin No. 


ASSIGNMENT OF OUTPUT SIGNALS 


Digital Outputs 
from Sunkeeper 
Connector JE 


0UT1 

0UT2 

0UT3 

OUTk 

OUTS 

0UT6 

0UT7 

0UT8 

OUT9 

OUTIO 

OUTli 

0UTI2 

OUT! 3 

0UT14 

OUT! 5 

OUT 16 

+5V \ 

•i-SV 

+8V 

+8V k 

+2AV ^ 

6ND 

GNO 

GND 


See Note 


NOTE: +5V, +8V, +24V, and GND are not outputs but are 

designated connector pins for customer use. 

TYPICAL CONNECTION CONFIGURATION 


Sunkeeper 

Unit 


OUT 9 


Ribbon Cable. 


CAUTION: The Sunkeeper can only supply a total of 250 

exceed this limit, an external power supply ) 


Digital Outputs 
from Sunkeeper 
Connector JF 

0UT17 
0UT18 
OUT 19 
0UT20 
0UT21 
0UT22 
0UT23 
0UT24 
0UT25 
0UT26 
0UT27 
01IT28 
0UT29 
0UT30 
0UT31 
0UT32 
+5V 4 

+5V I 

+8V I 

-fSV I See 

+24V 

•J-2^V 

GNO 

GND 

GND I 


available at the 


Customer Equipment 


Relay Coi 1 


> ma. If requirements 
must be used. 
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TABLE 2-3 

ASSIGNMENT OF INTERFACE SIGNALS 


Wire or 
Pin No 


NOTES! 


Signals at Master 
EIA Connector. 

JC ; 


1 

Chassis 


Chassis 

2 

TDM (Output Or'ed) 


TDF (Input) 

3 

RDM (Input)' 

« 

RDF (Output) 


RTSH (Output Or'ed) 


RTSF (Input) 

5 

CTSM (Input) 

$ 

'CTSF (Output) 

6 

Not Used 

1 

Not Used 

7 

Signal Gnd. 


Signal Gnd. 

8 

Not Used 

1 

Not Used 

9 

Not Used 


Not Used 

10 

Not Used 


Not Used 

It 

BS1 

1 

BSl 

12 

‘ Not Used 

* 

Not Used 

13 

Not Used 


(Tot Used 

14 

Not Used 

4 

Not Used 

15 

Not Used 

t 

Not Used 

16 

Not Used 


Not Used 

17 

Not Used 


Not Used 

18 

BS2 


BS2 


Connector JC provides the interface 


Signals at Satel 1 i te 
EIA Connector 
JD 


between the 


Sunkeeper and the input/output terminal. 

Connector JD Is only used in multiple Sunkeeper 
configurations. In this daisy-chain installation, 
connector JD receives all signals applied to JC. 
Outputs from JC to JC are OR'ED in the first 
Sunkeeper and transmitted out JD.to connector JC 
In the second controller, etc. 


Page 2-7 


4 



! 


Z\ h \ NSTALLAT I OM CONNECT 1 ONS 

■ ■ - I 

2.4.1 For Installation dimensions of I.P.E.C.H. package refer to Dwg. 106l. 

A total of 18 piping connections are required. They' consist of 8 - 1" male 
copper heating system supply zone connections, 8 - 3/4" male solar system 
supply zone connections, 1 - 1 1/2" remale copper heating system common return 
connection and 1 - 1 1/2" female copper solar system’ common return connection. 

It is recommended that offsets in all these connections be made to eliminate 
excess loads being applied to the package piping due. to thermal expansion. If 
vibration transmission is a concern, flexible connec'tors are recommended. 

2.5 FIELD VmilNG 

2.5*1 /y diameter hole has been provided In the control panel to allow for 

electrical power connection. A 115V. I Phase, 60 Hz’, 30 Amp service is required. 
Each package contains a 1/2 HP and a I HP pump motor. Both motors may have 
occasion to start simulataneously. 

2.5.2 There are 32 digital inputs, 32 analog inputs and l4 digital outputs 
available in the control panel. These items have been factory wired to terminal 

strips. Refer to wiring diagram Dwq. 1054 fOr location and identification. 

Some or al.1 of .these items as determined by the user must be field wired. 

2 . 5.3 Ail field wiring shall comply with the National. Electric Code and all 
state and local codes. 




SECTION III USER'S GUIDE • 


PKTGIN31I mO l ■ 

EOOS QUALITY' 

3.1 LOCATION OF INDICATORS 

I 

The locations of the front panel indicators are shown in Figure 3~1. 

I 

The description and function of -these display panel items is given in 
Table 3-1. 

t 

3.2 INITIAL START-UP PROCEDURES ; ' 

These procedures are valid only for the first time a Sunkeeper is 

* I 

energized after receipt from the factory. To insure a successful start up, 
the following procedures should be performed in the exact order presented: 

1. Disconnect all input and output cables connected to the Sunkeeper. 

2. if connected, disconnected interface cable from terminal to 

I 

Sunkeeper (at JD) 

3. Plug Sunkepear AC power cord into 115 VAC grounded outlet. 

4. The following front panel indicators should illuminate: 

a) Five power supply lights (11 through 15> Figure 3-1} 

b) Timing (10, Figure 3-1) should blink on and off 
at one second rate. 

c) RTS indicator (5i Figure 3-1) 

5. If the correct indications are displayed proceed to Step 13. If 
indications are not as listed above, perform step 6. 

6. Unplug the AC power cord and check the line fuse (25» Figure 3-1) 

7. If correct rated fuse installed wait approximately five minutes 
then apply AC power again. 

8. If the indications are still not correct, unplug the unit and 
unscrev'^ the six screv^s that secure the front display panel. 

9. After removing the display panel, gently push down on each of the 8 

integrated circuits. This action insures that these circuits 
^^he PROMS that contain the master control sequence) are seated 
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securely, in their sockets. ^ . 

10. With the display panel removed, check to se^ that the cable 
connector in the cable between the RAH and the main logic board 
is mated correctly. 

11. I nstall the front panel, and plug in the Sunkeeper. 

,12. If the correct indications do not appear, unplug the unit and 
re-package the unit for return shipping to the factory. 

NOTE 

Refer to the Sales Agreement for complete shipping instructions. 
13. • Connect the interface cable only for the terminal into JD. 

The Sunkeeper Is novi/ ready to accept commands from the terminal and 
to transmit data back to the terminal. 


3.3 HOW TO ENTER COMMANDS 

All communication between the Sunkeeper and the operator is via a 
tel etypewri terror a CRT terminal. Commands and equipment status are presented 
in easy to understand English abbreviations. ^ No complex, computer-1 ike 
languages are used. *(Texas instruments silent 7'^S o,r equal) 

‘ ! All commands are sent to the Sunkeeper by typing them on the terminal's 

I keyboard. Responses from the Sunkeeper are presented on the video display or 

i typed out on paper. All commands to the Sunkeeper are follwed by a "Carriage 

i 

I Return" (CR) which indicates to the Sunkeeper that the command is completed. 

\ 

V, . i 

I The unit does not process a command until the CR is entered (typed). As 

j characters of a command are typed by the operator, they are displayed at the 

terminal. Whenever the Sunkeeper is ready to accept commands from the terminal. 


it types the character "R". • 

Most commands are a combination of capital letters and numbers. Only • 


Capital letters are allowed in alpha-numeric commands. 

i 
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Letters are produced in the standard typewriter methdd of holding down the 
SHIFT key while typing the letters. Remember to release the SHIFT key when 
numbers are being entered! 

Host commands consist of a series of numbers which are entered separately 
by commas or spaces (SPACE BAR pressed for each space). !f a series of 
sequential numbers are to be entered, the first and last 

number is entered, separated by a dash. For example, "5 - 8'* Is equivalent to 
*'5»6,7,8'', Also the slash symbol (/) is interpreted -by the Sunkeeper as "all 
numbers which apply". For example, In specifying output lines, "/" has the 
meaning 1-32 because there are 32 output. 1 ines. 

Spaces between letters and numbers In a command • requ i re the SPACE BAR be 
pressed to enter the correct command. 

If during entering a command an incorrect character Is typed, it can be 
erased by pressing the RUBOUT key one time for each incorrect character. Whole 
words or even complete command lines can be erased using the RUBOUT key. All 
data, back to the last CR, can be erased , a n^d re-ente,red without effecting the 


Sunkeeper. 

# 

No matter how incorrectly commands are entered, the master control sequence 
can not be damaged through improper terminal usage. Also, the master control 
sequence can detect incorrectly entered commands and notify the operator of 
his mistake, if anything about a command is incorrect, the Sunkeeper types an 
error message number followed by a question mark. 3-2 conatins the list 

of error message numbers and their meanings. Using 'these descriptions you 
can re-enter the conmiand correctly and then continue communicating with the 
Sunkeeper . , 
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3.^ ADDRESSING SUMKEEPtR UNITS 

Each Sunkeeper Unit is assigned a unique four digit address code that 
must be used when initiai communications with the unit are attempted. The 
correct v^fay to address a Sunkeeper is as foilows: 

S N 

This command in Engiish is entered in 5 steps: ; 

1. Press Shift Key 

2. Type $ {ampersand key) 

3. Type N 

Type four character address code 

5. Release Shift Key 

6. Press Carriage Return key (CR) 

After the address code is entered the Sunkeeper Is ready to accept 

. “/ 

other commands. 

All communications with a Sunkeeper unit must be preceded by its address 

code in this form, or the unit will not accept any commands from the operator. 

7. Type Z S to clear all programming. 

8. Re-enter code 9. Type Pu: should print pul 1 1 
3.5 SETTING CAI.ENDAR/CLOCK 

The following procedures describe the steps required to set the internal 
calendar/clock to the correct time and date. These procedures are applicable 
for new Installations and to reset the time after a power failure of longer 
than days ^ 

1. Type correct address code: ($ N four digit code (CR)) 

2. Type Print Time command: Tl (Shift, TI, unshift, CR) 

3. The printout will be seven, 3-digit groups *of letters on a line. 

There should be a space between each group of letters. If this is 

a new installation any combination of letters and numbers may appear 
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fn these groups. 

Type Set Time command: ST (shift, ST, unsh'ift, CR) 

5. After' the Sunkeeper Is ready, If prints out "R“ the following seven 
time Increments can be entered with the correct values:. Year, Month, 
Jate, Day of Week, Hour, Minute, Second. Refer to Figure 3-2 and enter 
these values. 

6. To set YEAR: Type 2 for 1977; 3 for 1978, etc. Even though there 

are spaces for the year, only one number has to be typed. After 
entering the code for the current year, press the space bar one time. 

7. To set MONTH: Type three digit code for the current month. Type 

each letter as a capital and press the space bar one time after 
entering the month code. 

8. To set DATE; Type the day of the month. Again only one or two 
numbers are required even though three places are shown. Press the 
space bar after entering the current date. 

9. To set DAY OF WEEK; Type the thread ig it code for the day of the 
week. Enter the code In capital letters and press the space bar 
after typing the three letters. 

10. To set HOURS; The value for the hours Is -a number from 0 to 23. 

■ Use the code shown In Figure 3~2 to arrive at the correct value that 
is to be entered. Again, only one or two numbers are required and 
the space bar must be pressed after entering the code. 

11. To set MINUTES; Enter the minute's value, (from 0 to 59) then press 
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FRONT PANEL CONTROLS & INDICATORS 
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TABLE 3-1 


ORIGIKAC page is 

-Q£ EOOE. QUALITY 
FUNCTION OF DISPLAY PANEL INDICATORS , 


Fig. 3-1 NAME DESCRIPTION & FUNCTION 

Ref. No. • 


1 Input Indicators 


2 Output Indicators 


3 RD Indicator 

4 CTS Indicator 
(Clear To Send) 

5 RTS indicator 
(Request To Send) 


6 TD Indicator 
(Transmit Data) 


These 32 LED indicators monitor the status 
of the 32 Digital inputs. An LED is 
illuminated when it's corresponding 
input is on. 

These 32 LED indicators monitor the status 
of the 32 digital outputs. A1 LED is 
illuminated when it's corresponding output 
is on. , 

An LED in the EIA circuit that illuminates 
when the Sunkeeper is receiving data from 
the input/output terminal. 

An LED in the EIA circuit that illuminate 
when the interface channel is open and the 
Sunkeeper can transmit data to the terminal. 
An LED indicator in the EIA circuits that 
illuminates when the Sunkeeper requests 
the communications channel between the 
unit and the terminal. When the terminal 
is ready to accept data it issues the 
CTS signal to the Sunkeeper. 

An LED indicator in the EIA circuits that 
illuminates when the Sunkeeper is trans- 
mitting data to the terminal. 


TABLE 3-1 

FUNCTION OF DISPLAY PANEL INDICATORS 1 


Fig. 3-1 NAME DESCRIPTION & FUNCTION 

Ref. No. 


7 Program Scanning 
Indicator 

8 Not Used 

9 Timing Indicator 

10 Central Frocessor 

n +24V Indicator 

12 +12V Indicator 

13 +5V Indicator 

14 -5V Indicat r 

15 -12V Indicator 

16 EIA Channel 
Jack OC 


This LED flickers on at the scanning rate 
master control program. NOTE: In most 

instances this rate is so fast that the 
light does not extinguish. 

For future expansion. 

An LED that turns ON and OFF to indicate 
proper timing circuit operat'^n. 

This LED is illuminated when central 
processor is executing a program. 

An LED that illuminates when the power 
supply is providing +24VDC. 

An LED that illuminates when the power 
supply js providing +1EV0C. 

An LED that illuminates when the power 
supply is providing +5VDC. 

An LED that illuminates when the power 
supply is providing -5VDC. 

An LED that illuminates when the power 
supply is providing -12V0C. 

A 25 pin female connector that accepts the 
communication^ interface cable from the 
Input/output terminal. (See Table 2-3 for 
a listing of the signals on each pin.) 
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TABLE 3-1 

FUNCTION OF DISPLAY PANEL INDICAT 


POOR 


Fig, 3-1 NAME DESCRIPTION & FUNCTION 

Ref. No. 


17 El A Channel 
Jack JO 


18 Digital Outputs 
Jack JE 

19 Digital Outputs 
Jack JF 

20 Digital Inputs 
• Jack JA 

21 Digital Inputs 
Jack JB 


22 Analog Inputs 
Page 3-9 


Am 


A 25 pin male connector that extends the 
communications bus when Sunkeeper's are 


connected in a 
(See Table 2-3 
signals on each 
A 25 pin female 
digital outputs 


daisy-chain configuration 
for a listing of the 
pin.) 

connector that supplies 
1 through 16. (See Table 
2-2 for a listing of the signals on each 
pin.) 

A 25 pin female- connector that supplies 
digital outputs' 17 through 32. (See 
Table 2-2 for a listing of the signals 
on each pin.) 

A 25 pin male connector that accepts 
inputs 1 through 16. (See Table 2-1 for 
a listing of the signals on each pin.) 

A 25 pin male connector that accepts 
digital inputs . 17 through 32, (See Table 
2-1 for a listing of the signals on each 
pin.) 

A 25 pin male connector that accepts 
analog inputs 1 through 16, (See Table 

2-1 for a listing of the signals on each 
pin. ) ■ I 




TABLE 3-1 

FUNCTION OF DISPLAY PANEL INDICATORS 


Fig. 3-1 nAmE DESCRIPTION & FUNCTION 

Ref. No. 


23 Analog Inputs 

24 Power Cord 

25 Fuse 


A 25 pin male connector that accepts analog 
inputs 17 through 32. (See Table 2-1 for 
a listing of the signals on each pin.) 

The AC power cord plugs into a grounded 
115VAC, 60 Hz power source. 

A 5 amp fuse that provides overvoltage 
protection for .the Sunkeeper. 
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TABLE 3-2 

SUNKEEPER ERROR MESSAGE 


CODE 

TYPED DESCRIPTION OF ERROR ' 

I 

I? COMMAND NAME NOT FOUND OR NOT YET. DONE 

27 FORCED TO TRANSFER TO NONEXISTENT LINE 

3? REMOVED STOP FROM NONEXISTENT LINE 

4? DID NOT HAVE SLASH IN STOP 

57 OUTPUTTED LINE U REFERS TO NONEXISTENT LN 

6? ASKED TO FIND NONEXISTENT LINE U ' 

77 VALUE OUT OF RANGE IN COMMAND LINE 

87 OPEN OF NEW LINE GUT NO LINE NUMBER 

97 LINE NUMBER NOT VALID 

107 EDIT COMMAND SPECIFIED, BUT NOT IN EDIT 

ll7 INPUT SETTINGS SPECIFIED IN XL UR X2 MODE 

12?' XL OR X2 ADDRESS IS FOR DIFFERENT DRUM 
13?| AX SPECIFIED WHEN NOT IN XL UR X2. MODE 
14? UNKECQGN IZ FABLE RELATIONAL IN ANALOG SPEC 

15? INCORRECT VALUE IN ANALOG SPECIFICATION 

16? TOO MANY ANALOG SPECIFICATIONS FOR BUFFER 

17? ALPHA ARGUMENT NOT FOUND IN TABLE. 

18? NUMERIC ARGUMENT > 65K 

19? BAD DELIMETER BETWEEN ARGUMENTS 

207 BAD FIRST DIGIT OF LINE NUMBER 

21? MULTIPLE XE ADDRESSES FOR SAME DRUM 

22? NEW LINE REQUESTED, BUT MEMORY FULL 

237 CANM' PUNCH v^HlLE STILL IN EDIT 

2^7 INVALID DRUM NUMBER 


OBlGBStSfi 

OF POOR QOAlini 
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D 

E C 

1 5 

. t 

MINUTES 2 5 





> 0-S9 SECONDS 






0-59 


MONTH 

DATE DAY OF WEEK 

^ HOURS 

Enter 

• For 

Enter 

For 

. Enter 

For 





0 

MIDNIGHT 

JAN 

January 

HON 

Monday 

1 

1 AM 

FES 

Feb/uary 

TUE 

Tuesday 

2 

2 

MAR 

March 

WED 

Wednesday 

3 

3 

APR 

April 

THR 

Thursday 

4 

4'. 

MAY 

May 

FRI 

Friday 

5 

5 

JUN 

June 

SAT 

Saturday 

6 

6 

JLY 

July 

SUN 

Sunday 

7 

7 

AUG 

August 



8 

8 

SEP 

September 



9 

9 

OCT 

October 



to 

10 

NOV 

November 



11 

11 

ft 

DEC 

December 



.12 

NOON 



. 


13 

1 PM 





14 

2 





15 

3 





16 

4 





17 

5 





18 

6 





19 

7 




■ 

20 

8 




% « 

21 

9 





22 

10 
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FIGURE 3-2 

FORMAT FOR SETTING CALENDAR/CLOCK 


I 


^ 1977 SEP IS THU 11 .16 £$. 

// I I \\\ 

1377 Septe»,ber 15th Thursday II:|6 23 Seconds 


i A 




! figure 3-3 

N TYPICAL CALENDAR/CLOCK PRINTOUT 
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NOTE 

If the SECONDS value is not used in control sequences, 
this can be left blank and the clock set up terminated 
by a carriage return after setting MINUTES. 

13» After entering all values, request a printout of the clock 
(refer to paragram 3*6 below) to insure that- all codes were 
entered correctly. If not, start the procedure all over again. 
Remember that the values printed out will reflect the current time 
and not necessarily the values you entered. * This is because the 
clock is now running and will continue to keep the correct time. 

Also, the format printed out will be 7 groups of three values 
with zeros inserted in the appropriate places. A typical printout 
Is shown in Figure 3“3. This printout is for: 1977, September, 

15th day, Thursday, 11:00, 1 6 minutes, 2,9 seconds. 

3.6 CALENDAR/CLOCK PRINTOUT 

To produce a printout of the calendar/clock time. type: Tl carriage return. 

The correct time/date information is displayed as shown in Figure 3“3. 


3.7 INITIAL CHECK OUT 


After entering the calendar/clock data in a newly Installed Sunkeeper(See Sec. 

3 .^) 

any valves, settings, or factory test program should be erased before entering 
a new control sequence. To do this perform the following steps: 


1. To see if there are any sequences stored in* 
Program command: PU (carriage return). 

a) The printout should be: PU CL 

b) If not, type: Z6 (carriage return) 

Page 3“1^* 


memory. Type the Print 




c) Type; PU (Carriage Return) j 

d) Now the printout is: PU CL , 

e) if’ you entered Z6, the calendar/clock must be reset again. 

2, To display the analog inputs (the Input cables should still be 
disconnected) type PA space /(slash) carriage return. 

a) The printout will list the first analog Inputs with a zero 
next to each, and the last 8 with 255 next to each, 

3. To display the Digital Inputs (cables disconnected) type: 

PI (carriage return). 

. a) The printout will list any digital input that Is on. (There 
should be none on, so nothing will print.) 

4, To display the Digital Outputs (cables disconnected) type;- 
PD (carriage return) 

a) The printout will list any digital output that Is on. (There 
should be none on, so nothing will print.) 

5. To display the status of Internal Memory Bits type: PB (carriage return) 

a) The printout will list any bits that are on. (There should be 

none.) 

The Sunkeeper is now cleared of any unv^anted programming and ready to accept 
the control sequence. Before writing and entering this sequence, it Is 
recommended that Section k be read to acquire a baste understanding of the 
Sunkeeper's internal architect. This understanding wl 1 1 make it easier to 
write a unique control sequence and structure it so the maximum power and 
flexibility of the Sunkeeper can be used to control. the system. 

It is recommended that all Inputs, outputs, analogs and bits be disabled 
before input and output cables are connected to the .Sunkeeper and before 
any progranwiirtg is entered in the Sunkeeper. 
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A. To Disable AH Inputs < 

Entet^: Dl SPACE/ (si ash) CARRIAGE RETUflN 

B. To Disable AH Outputs 

. Enter: DD SPACE/ (SI ash) CARRIAGE RETURN 

C. To Disable AH Analogs 

Enter: DA SPACE/ (Slash) CARRIAGE RETURN 

t 

D. To Disable AH Bits 

Enter: DB SPACE/ (Slash) CARRIAGE RETURN 

To verify that all are disabled. 

Enter: PX CARRIAGE RETURN . 

Sunkeeper should print out; • ‘ 

DO 1-32 
Dl 1 - 32 

DA 1 - 32 • • 

DB 1 -.32 

Sunkeeper is now ready to accept a program. The program may be initialized 
and debugged without having any effect on or being effected by any outputs, 
inputs, analogs or bits. When debugged, enable only those items (drivers, 
analogs, inputs or bits) used by the program. For more information on procedure 
used to debug programs, refer to section 6.3 diagnostic commands. 
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4 THEORY OF OPERATION 




^.1 GENERAL 


SE EOOK QUA3OT 

i 


Before att^ptlng to write a control sequence for your application or 
trying to enter a new sequence into a Sunkeeper* it is ;reconimended that you have 
a basic understanding of the basic, operation and structure of the Sunkeeper, By 
better understanding the unit,' you will be able to devise sequences that are not 
only both easier to write and enter but also you will greate sequences that can 


be easily modified or updated after daca logging the system's performance. 


4.2 BASIC SUNKEEPER FUNCTION 

The basic function of a Sunkeeper Control Unit is' to turn external equipment 
on or off at the proper time or In response to specific conditions. The status 
of the various inputs, the setting of the calendar/clock, and pre-established 
rules or conditions are used by the Sunkeeper to make these control decisions. 

While the logic circuits required to perform these functions are very complex, 
they are easily represented as a series of mechanical sequence or timing drums 
that are commonly found in traditional control applications familiar to most 
maintenance personnel. 

Figure 4-1 is a simplified diagram of the controj logic of the Sunkeeper. 

The user's control sequence Is represented by the 9 drums in the center of the 
figure. These drums receive b fth analog and digital Input status signals and 
the setting of the Internal clock. The drums can output to either the 32 memory 
bits or the 32 output drivers that connect to the extdrnal equipment. The complete 
Sunkeeper operation is controiled by the Master Control Sequence whill allows the 
drums to function as determined by the user's control .sequence. 


4.3 DRUM THEORY 

Each of the drums’ that make up the user's control sequence have locations 
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or logic lines in which the actual sequence of the specific control program is 
stored. Drums numbered 1 through 8 have 99 logic lines and drum 9 has ten 
lines available. The lines are numbered 1000 - 1099 on drum 1, 2000 - 2099 o'l 
drum 2, 3000 - 3099 on drum 3i and so forth until drum ’9 where the line numbers 
are 9000 ~ 9010. 

All drums are capable of spinning or rotating as directed by either the Master 
Control Sequence or the actual user's control sequence on that drum. In this 
manner, a drum can spin in either direction, skip or jump past unwanted logic 
lines, or stop at any specific line to process the logic on that line. 

Only one line of a drum is processed ac any one time and the operation of 
each drum is independent of the other drums. Some driuns may be left idle and 
not used in the control sequence. Also, of the 99 available logic lines on a 
drum, not all have to be used before using another drum. The availability of the 
multiple drums permits the user's control tasks to be divided by unique functions 
and each assigned to a separate drum. For example:- Drum I could be assigned all 
the heating control; Drum 2, the air conditioning; Drum 3» the solar collection; 
Drum A, the time clocking, etc. 

Because these drumr have independent action, there is no direct way for one 
drum to "talk" to another drum. To compensate for this, a common series of 32 
memory bits are able to be accessed by each drum. Every drum can set any one of 
these memory bits and all drums can read the status of* the bits. 

A. A EMERGENCY DRUM 

Drum 9 is the Emergency Drum in the User's Control Sequence. This drum has 
ten logic lines that function the same as the other lines. These 10 lines are 

t 

used to respond ♦•o on emergency condition in the usor'.s equipment. When this 
drum determines that an emergency condition exits, it removes the control of the 
other 8 drums from the Master Control Sequence or the sequence being performed •ai? 
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and causes the drums to spin to logic lines that will rectify the emergency 
conditions. 

An example of an emergency condition might be insufficient v;ater in an 
electric water heater. An emergency conditon on Drum 9 might be defined such 
that if the “low water" indication comes ON, the drum controlling the heater is 
reset to a line which turns the heater OFF, and drives a digital output ON to 
Tight a lamp or ring an alarm bell. Alternately, the emergency line might turn 
ON a valve to add water to the heater, and continue doing so until the “low water" 
Indicator went OFF. 

h.S DRUM LOGIC LINES 

The function of a drum logic line is to examine the status of inputs, outputs, 
Memory Bits, or the clock and, after performing the required logic, turn on or off 
output drivers or set or clear Memory Bits. To perform this function only one 
line is processed at any one time. 

Figure ij-2 shows a typical drum and a single logic line. The “pick-up point" 
allows the Master Control Sequence to process only one logic line at a time. Each 
line is divided into the following throe sections: 

1. Line Action Command 

2. Exit Condition #1 

3. Exit Condition i?2 

The Line Action Conraand is the actual task performed by the line. It commands 
output drivers to turn on or off, or sets or clears any of the 32 memory bits. Any 
combination of output states or bit status can be commanded on a single logic line. 
When a drum stops at a line all line action commands are performed before the logic 
checks the conditions that allow the drum to turn to another logic line and process 

that line. 
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Exit Condition //I . establ ishes the conditions that must be satisfied before 
the drum can rotate to the next line in the sequence. Included in the Exit 
Condition can be any of the possible variables in the system: inputs, outputs, 

bits or clock. The Exit Condition examines the state of these variables *n the 
following fixed sequence: 

1. Output Drivers (On/Off) 

2. Inputs (Analog Comparison) 

. (Digital On/Off) 

3. Memory Bits (On/Off) 

4. Analog Exit Specifications (real time) 

(elapsed time) 

5. Emergency Conditions 

Exit Condition #2 has the same conditions as Exit Condition #1. 

Each logic line specif ies two sets of exit conditions for transferring 
control to another line on the same drum^ Again these line exit conditions 
consist of lists of settings or output drivers, digital inputs, limit points for 
analog inputs, memory bits and time values. The Master Control Sequence checks 
the exit conditions during each cycle. If one <}f the two sets of exit conditions 
is completely satisfied, control is transferred to the associated drum lines on 
the next cycle. Sets of exit conditions are examined in the order in vjhich they 
are specified in the control program. If the first set is satisfied, control is 
passed to its exit line, and the second set is not examined. If neither set of 
exit conditions is satisfied, the same drum line is processed on the next cycle. 
If a drum line does not ’-^ve any exit conditions, the sequence remains on that 
line until the drum is . xen off by an emergency or by operator intervention. 

Each set of exit conditions is associated with the number of the line which 
is to receive control if the conditions are met. This line number must be in the 
same drum. If the operator specifies an exit line which is not in the same drum, 


Page 4-'i 


ORIGINAE *- 

0E EOOB. 


miftm 


error messages are generated, and the line is not accepted. It is possible 
for both sets of exit conditions to transfer control the the same line. One 
exception is made for line 0. Line 0 is not in any drum, but if an exit 
condition specifies line 0, the Master Control Sequence interprets the specifi- 
cation to mean that the exit is not taken. If the first exit condition specifies 

Itne 0, the controller does not allow the evit, and does not examine the second 
ext t condition . 

An exit specification may contain many different conditions involving many 
different types of information. It is Important to note thatALL conditions in 
an exit specification MUST be satisfied before the exit is performed. 

4.5-1 Output Drivers In Exit Conditions 

The status of the 32 output drivers can be one of the conditions in an 
exit conditlori. A sample specification using output drives is: 

FD 6,7 

. 00 1,5 

This exit condition is satisfied If drivers 1 and 5 are ON and drivers 6 and 7 
are OFF. 

^•5.2 Digital Inputs In Exit Conditions 

Digital inputs have only two states, ON and OFF, and are numbered 1 through 
32, The digital input portion of the exit condition is satisfied if all inputs 
specified to be ON are ON, and all those specified to be OFF are OFF. Digital 
inputs not mentioned in the exit specification are ignored, A sample digital . 

input exit specification is: 

FI 22 

01 5,8 

This exit specification is satisfied if digital inputs 5 and 8 are ON and digital 
input 22 is OFF. 
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.3 Analog Inputs In Exit Conditions 

I 

Analog temperature inputs are automatically scaled when they are read by 
the Sunkceper, therefore, trip points are specified in, degrees Farenheit. Analog 
inputs are numbered 1 through 32, and each analog input in the exit condinion 
is associated with a trip point. Analog exit conditions can be satisfied for 
three reasons: 1) if the analog value exceeds the trip point, 2) if it is less 

than the trip point, 3) if it is equal to the trip point. Analog inputs which are 
not mentioned do not participate in the exit condition. A scimple analog input 
specification is; 

AX 22V15, 32>2, 12<50, 19=57/ 20=5 

This condition is satisfied if analog Input 22 is greater than 15, input 32 is 
greater than 2, analog input 12 is less than 50, analog input 19 is equal to 57, 
and input 20 is equal to 5> 

Analog inputs can also be compared with one another. Tne specification for 
a trip point based on the difference of two analog inputs contains the names of the 
two inputs which are to compared, followed by the trip point. A sample difference 
specification is: , 

AX 15-23>180, 27-26’>50, 15-IA<78, 1-2-3, 1-5=79 
This specification is satisfied if analog 15 minus analog 23 is greater than I80, 

27 minus 26 is greater than 90, 15 minus 14 Is less than 78, 1 minus 2 Is equal 
to 3, and 1 minus 5 is equal to 79. The SCU allov>/s comparisons between analog 
Inputs regardless of type. 

4.5.4 Memory Bits In Exit Conditions 

The only function of the 32 Memory Bits is to allow communications between 
drums. To accomplish this task these bits must be used in exit specifications. 
Because they have no direct external effects, they are only useful in controlling 
how drum exits are taken. Bits which are not listed are ignored. A sample bit 
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specification is: 


FB 3, 2h 
OB 7, 32, 


This exit specification indicates that bits 7 and 32 must be ON, and bits 3 and 


must be OFF, 


^,5.5 Real Time in Exit Conditions 


The Sunkeeper keeps track of the real time, and maintains special ana! op 


variables which reflect the calendar and time of day. These variables are given 


special names. These names may appear anywhere tte Master Control Sequence would 


expect to find an analog Input number. The names and meanings of the calendar 


variables are listed below: 


Hour of the day. Trip points for OUR are specified as a number from 


0 to 23, 


Day of the month. DAY ranges from 1 to 31, and Is automatically 


corrected for the length of the month. DAY changes at mldnlglit, and 


remains constant until the follovjing midnight. 


Day of the week. V.'kD can have the ^^lucs HON, TUE, WED, TUU, FR! , SAT 


and SUN. MON Is tlie smallest value, and SUN Is the largest. Those 


values may be used in place of numbers when comparing WKD to a trip 


point. WKD changes at midnight and remains constant until the fo11owir\^ 


midnight. 


Month, MTH has tie values JAN, FEB, MAR, APR, HAY, JUN, JUL, AUG, SEP,] 


OCT, NOV, and DEC. JAN has the smallest value and DEC has the lat'9est,?| 


These names may be used as trip points for MTH. MTH is corrected for 


variations in the lengths of months. 


4.5.6 


Ime in Exit Conditions 


The Intervals between events (elapsed time) con be used as a cotiditlon in 
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an exit specification. There are five types of timers aval 1 able to drums 1 thru 8. All 
timers are zeroed when control is transferred to a line of that drum. If the 
timers are part of the exit condition for the line, the condition Is satisfied 
if the timer value exceeds its trip point. (Note that the timers are cleared if 
an emergency condition for a drum is activated, because the emergency causes 
a new line to receive control.) 

. The five timers measure different amounts of time. The timer names and 
their meanings are as follows: 

Tin Time in Days. Counts from 1 to 256 days, and increments at 

I 

midnight. 

TIH Time in Hours. Counts from 1 to 256 hours < and increments whenever 

the system minute counter Is reset from 59 to 0. 

TIM Time In Minutes. Counts from I to 256 minutes. It increments whenever 

the system second counter is reset from 59, to 0. 

TIS Time in Seconds. Counts from 1 to 256 seconds In seconds. 

T.S Time in Tenths of Seconds. Counts from . 1 to 25.6 seconds, in tenths 

of seconds. * 

An example of a timer specification in an exit condition is: 

AX TID 

This condition is satisfied when the timer value is greater than four, which 

occurs when the drum has been on the same line during five midnights. This 

timer condition is always satisfied just after midnight. The interval spent 

on the line could be as short as four days, .1 second-, if the line v/ere entered 

just before midnight on the first day. Because all conditions in an exit 

♦ 

specification must be saiisfied for the exit to be taken, if more than one 

timer is contained in a specification, the condition is satisfied when the longest 

« 

timer times out. ... 
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Timers mo^'also be specified to be less than the trip point, equal to the 
trip point, or not equal to the trip point. The specification 


AX TID < h 

is true so long as fevMcr than four midnights have occurred. It is unwise to 
specify an interval in seconds or In tenths of seconds to be precisely equal to 
some trip point. The timer runs independently of the drum scanning prograr, and 
drum scanning takes a variable amount of time depending on how many drums are 

* 

scanned and how complicated the exit conditions are. Therefore, the tenths of 
seconds timer may be incremented more than once between drum scans, thereby 
missing the time specified in the exit condition. Therefore, should not be used 
with tenths of seconds or seconds. 

Emergencies in Exit Conditions 

Emergency conditions contain a list of conditions to be satisfied, followed 
by a list of line numbers which are to receive control during the next control 
cycle. The specifications for an emergency condition follovvr exactly the same 
rules as the line exit specifications. Any number of drum lines may be listed 
for the emergency condition. Emergency conditions are formal line numbers 
numbered from 9000 to 9010. The only difference is that emergency conditions hav 
only one test, cannot reference timers, cannot set outputs, and may list more 
than one line which Is to receive control. 


k,6 SUNKEEPER RLOCK DIAGRAM 

Figure 4-2 contains the simplified block diagram of the Sunkeepsr Control 
Unit. The 32 digital Inputs are connected to the unit through connectors JA and 
JB. These inputs represent the logic state (ON/OFF) of the various switches, 
relays, or other digital devices In the user's sytem. All digital input lines 
are protected from surges on these inputs. The status - » * 
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of the digital input line Is displayed on the front panel. An active (ON) input 
lino is indicated by an illuminated light that corresponds to the line number. 

The 32 analog input lines are connected to the Sunkeeper through connectors JJ 
and JH. These inputs are also fused for overvoltage conditions but their status 
Is not displayed on the front panel. All Inputs are applied to the control I'^gic 
block. This block conatins the following three main parts of the Internal logic: 
Master Control Sequence - This block of logic provides the overall control for the 
operation of the drums and the Sunkeeper unit. The sequence is stored in non- 
erasable PROMS which allov\sthe user complete flexibility in writing, operating, or 
editing his sequence with the confidence that the master sequence can not be altered. 
This block communicates with the user through the computer Interface at connector 
JC. 

User's Control Sequence - This is the block of logic where the drums were used to 
explain the operation. The actual user's sequence Is stored here. This block has 
inputs from the digital and analog Inputs, the clock, the internal Memory Bits and 
the Master Control Sequence. Outputs, from this bjock are the 32 digital drives at 
connectors JE and JF. This block also sends or receives data througli the computer 
interface to other Sunkeopers connected to JD. 

Memory - This block contains the memory locations required for storing the data 
associated with normal Sunkeeper operation. The memory data Is available to both 
the Master Control Sequence and the User's Sequence. 

The status of the 32 digital outputs is displayed in the front panel lights. 

An output that is ON has the light associated wi th it illuminated. The status of 
all outputs is fed back to the Control Logic to be used In exit conditions, data 
logging, or enable/disablc functions. 
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if. 7 OPERATIONAL SEQUENCES 


A. 7.1 


i|.7.2 


The flow diagrams In Figures k-l through i|-7 depict the sequences performed 
by the logic In both the Master Control Sequence and the. User's Sequence. 

Basic Operating Sequen ce 

Figure contains the flow of the overall Sunkeeper operation. The circled 
numbers next to the event blocks In Figure k-3 reference, the following paragraphs: 

(1) The first thing the Sunkeeper does after being energized Is perform the 

Start Routine. This routine is only performed at initial start-up and 

is not exercised again during normal operation. A .detailed flow of this 
routine is shown in Figure if-if and described In par'agraph 4. 7*2. 

(2) After starting, ,a test for an emergency conditLon Is made. If no 

emergency exits, the Master Control Sequence takes command and starts normal 
operation. 

(3) The Master Control Sequence provide the framework for the drum operations 
which contain the actual User's Control Sequence. A detailed flow of this 
routine is shown in Figure ^-5 and described In paragraph ^.7.3. 

A detected emergency condition causes the Master Control Sequence to perform 
the Emergency Routine. A detailed flow of the emergency routine is shown in 
Figure 4.7 and described in paragraph 4.7-5 
' Start Routine 

The Initialize Routine flow sequence Is shown in Figure 4-4. Tlie circled 
numbers next to the event blocks in this figure reference the following paragraphs 
{!) All nine drums spin and stop, positioning the pick tip point at logic line 
zero of each drum. 

(2) All 32 digital output drivers are turned OFF. 

(3) Ail 32 Memory Bits ore cleared to zero. 


(^} The status of the 32 digital and analog inputs is read and these values 
are stored in the RAM for use by the drums. 

The Initialize Routine exits to the test for emergency conditions. Depending on 
the results of the test, the Sunkeeper either performs the Master Control Sequence 
Routine or the Emergency Routine. 

^1 . 7 • 3 Master Control Sequence Routine 

Figure 4.5 shows the flow sequence for this routine. The circled numbers 

M. 

next to the event blocks reference the following paragraphs: 

(1) The Master Control Sequence starts by testing to see if the user assigned 
part of his control sequence to Drum l/\. If no, the sequence repeats the 
test until it locates a drum that is used. 

(2) Whenever a drum is used, the Master Control Sequence branches to the drum 
routine for this drum then, when finished, returns to test to see If the 

next drum is used. A detailed flov7 of the Drum Routine Is shown in Figure 4-6 
* and described in paragraph 4.7.4, 

{3,4)Another test is made for an emergency condition. If noneoxists the sequence com 
nues. If an emergency is detected, the sequoitr.e branches to the Emergency 
Routine. 

(5) After servicing dll drums, the status of all output lines is read and stored in 
memory locations. 

(6) Any editing changes made in the logic lines of the drum since the last scar, are 
now entered. 

This flow represents one scan of the Master Control Sequence. Typically a scan takes 
about one second to complete, but the number of drums used and the logic required to 
satisfy the exit specification of the linos can change the scan time. The Sunkeeper 
continues to perform the drum scanning routine under the control of the Master Contra 
Sequence until an emergency condition occurs or the unit is turned off. 
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^ Drum R'nitir>i> 


Tht> typical rmitino 1'or o drum Is shown in Figui'o This routine is 

purformerf once for eoch of the drums during MnsteM* Control Sequence scon. 

The circled numhers next to the event blocks in Figure It-6 reference the 
following paragrxiphs: 

(1) Upon entering a drum routine, the Master Control Sequence tests to see if 
this is the first scan after starfup. If yes the drum performs the lino 
Action Command. If NO, the sequences advance to Stfcp 2. 

(2) Here a tost is made to see if the Exit Specification for the line previously 
processed on this drum was met. If met, the drum sequence advance to slop 3- 
If not met, the sequence advances to stop 5* 

(3) If an exit spec was met on the last scan, the drum spins and stops at the line 
number determined by that spec. 

(^) The Line Action of this new logic line is performed. 

(5) The First Exit Spec Is examined. 

(6) If ALL conditions of E.\it Spec #1 ore met the sequence is over for this 

drum and on the NExT scan of this drum the drum will spin to the lino specified 

4 

in this First Exit Spec. If all conditions are not met the sequence advances 
to Stop 7. 

(7) The Second Exit Spec is examined. 

(8) If ALL conditions are met, the sequence is over and on the next scon the drum 
will scop at the line specified In this exit specification. If this spec is 
not mot, the routine also terminates, but on the next scan, the drum docs not 
spin and Steps 5 through 8 of this drum routine are repeated until one of ilie 
exit specifications is met. 

After completing a routine on one drum the Master Control Sequence repeats the 
routine cm the next drum. 
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. 7 • 5 Emergency Routine 

The flow diagram for the Emergency Routine Is shown in Figure ^»-7. The 
circled numbers next to the event blocks in this figure reference the following 
paragraphs; 

(1) When the Master Control Sequence detects an emergency condition, this routine 
overrides the sequence in progress and commands all drums to spin and step at 
pre-spec i f ied line locations that can respond to emergencies. 

(2) After stopping, each drum (in order) performs its Line Action (sets outputs 
or bits) as in a normal drum routine. 

(3) Depending on the type of emergency, the Master Control Sequence may allow 
the emergency condition to be terminated through the exit specifications on 
the new lines or It may wait for human intervention, before normal control 

is returned to the Sunkeeper. 

ENABLE/DISABLE FUMCTiOHAL OPERATION 

After User's Control Sequence Is loaded into the drum section of the control 
logic It is possible for the user to logically disconnect the Sunkeeper from the 
control system in order to modify certain sections of tlie sequence wltliout eft oc tiny 
the control system. When operating in tliis disconnected mode, the drums ignore 
the real settings of the inputs , cutouts and Memorv the status of the outout 

drive does not change even though the Sunlieeper remains physically connected lo the. 
control system. 

Figure '4-3 shows the familiar functional diagram of the drums that make up 
the User's Control Sequence. The major differences between this diagram and the 
one previously discussed arc the Enable/Disable circuits' and the mask switches 
located in the input, output, and memory bit paths. 
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In normal oporntlon, the Enablo/Disable circuits are enabled for all lines 
and the Mask switch Is in the Normal position. This allows the drum sequences 
to use the actual. Input and Memory Bit values In solving the logic lines. 

In certain Instances during setup or debugging procedures, the user may want 
to disable an Input, output, or Memory Bit to remove this from his logic equations. 
The Enable/Disable circuits permit any Individual line or bit to be blocked sc that 
the drum sequence does not have access to the value of that line. After a line is 
disabled, the user can assign a value to this line by requesting a mask value from 
the mask circuits. These new values can now be used by the drums. 

NOTE 

After the performance of a sequence that Is u !ng disabled lines or 

masked values, these user specified values must be removed before the 

Sunkeeper can control the system in a normal manner. 

4,9 DATA LOGGING 

In data logging applications 16 user specified Inputs or outputs are sampled 

at a fixed rate. The user determines what linos are to be sampled and what the 

# 

sampling interval is to be used. Sampling intervals can be as short as one mintue 
to as long as 256 minutes. 

The Sunkeeper reads each selected oaramster cnee a minute (this Is the fi.xed 
rate). If a user selected a sampling interval of 30 minutes, at the end of this 
interval the Sunkeeper would have about 30 values for each parameter (the fixed 
rate reads each parameter one a minute). This value Is stored in memory. The 
Sunkeeper starts accumulating new values for the parameters and at the endof the 
sampling Interval (30 minutes) again throws out the highs and lows then averages 
and places these new values in memory next to the first values. 
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For digital Inputs or outputs the percentage of ON tlnte Is the value 
that Is stored In memory. 

The Sunkeeper repeats the sampling sequence 32 times before the memory log 
Is full after 16 hours. The log contains 32 averaging intervals for the 16 
paransetors (each reading made up 30 averaged readings). If at the end of 32 
samplings, the log is not cleare.' (read out) the next values (from the 33 
sampling) cause the volues from the oldest sampling (first) are lost. This 
is because there are only 32 locations available for storing the results of lb 
sampling sequences. 
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SECTION 5 


5.1 




GENERAL 

This section contains the basic guide lines that are recommended for 
first-time users attempting to write their own control sequences. While 
these procedures are recommended they are In no way' considered the only 
way to approach a control problem and should provide the basis of many 
acceptable methods. 


5.2 ESTABLISHING INITIAL PARAMETERS 

the time you have received your Supkeeper most of the basic control 

parameters of your system should have been Identified. These include 

the number of output drivers needed to control your external equipment and 

the number and function of the various input monitoring signals. 

The first recommended step In this guideline is to write (in English) 

a simple control sequence for your particular system. Start with the first 

event you want performed and then continue through the normal operation of 

your system. The easiest place to start is to list, each function that is to 

be controlled by the output drivers of the Sunkeeper. Number each major 

control step, so you can make reference to them from other steps. 

Alter the first pass through the sequence, go back and examine each 

control step to see If all conditions required for each step have been 

included. Be sure to consider all possible inputs from sensors or monitors 

in the system, in addition to the inputs from the i.nternal calendar/clock. 

Don't be discouraged if you find the sequence 'being restructured as you 

* 

add conditions and combine or increase the steps. Also, don't forget to 

include provisions for on t-of- tolerance or emergency conditions as required 

* 

in each step. 
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After the second pass, or when you are reasonably sure that the 
basic sequence has been established, you can assign output line and drum 
numbers to the various control steps that control the operation of the 
equipment in your system. Start with the first step of your sequence and 
give the first output used the name Driver #1 and assign to an action 
line on Drum #1 (See Fig. k-2) 


NOTE 

‘ Because the Sunkeeper has the capacity for 99 lines it Is easy 
to consider each output driver as having its own unique line. 

Thus all operations effecting the status (ON/OFF) of a driver 
come from a single drum. Two action lines minimum are required 
for any driver or group of drivers. One line for 'W the 
other for "OFF". 

Continue assigning driver and drum numbers until all steps In the 

sequence have been examined. Groups of drivers having similar control 

operating conditions should all be assigned to a single drum. 

NOTE 

- - ‘ « 

Even though the Sunkeeper has the capacity to handle up to 32 
drivers, you do not have to find uses for any li*'3 you don’t 
* -r^flu’re ''or your sequence. 

5.3 IDENTIFYING REQUIRED INPUTS 

Go back through the sequence again and at each step establish whether 
a time value is required as in Input condition to perform or complete the 
step. There are two basic types of time values that can be used: 

Real Time or Elapsed Time 

Real time can be the month, day, date, hour, or minute that an event is to 
take place (e.g.; Tuesday, November 1, 1977 at 2:45 AM). 

Elapsed time Is measured intervals that occur between control events. 
The elapsed time uses the outputs of the internal clock to increment to 
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the desired count.. These Increments can be In tenths of seconds, seconds, 
minutes, or hours. Any whole number from 1 to 256 can be preset as the 
desired count. 

5.^ USE OF INTERNAL MEMORY BITS 

As you established you control sequence there are specific times when 
certain output drivers can not be on when other drivers are also on, A 
typical instance could occur if both the heaters and air conditioners handling 
the same area are on at the same time or, in another instance, if a tank 
was intentionally being drained and the driver that controlled the fill valve 
allowed liquid to flow into the tank. Bejcause each driver is assigned to 
a separate drum and the drums can not directly communicate with. each other, 
the 32 internal memory bits are used to transmit specific status from one 
drum to all other drums. These bits can be accessed (read, set, or cleared) 
by all the drums and can be used to help prevent unwanted interaction between 
driver functions. For example, in the above case of the heater and air 
conditioner being on in the same room, as the heater Is energized by it's 
driver It could also set memory bit Now a condition that would allovi; 

the air conditioner to energize could state that Bit HB must be cleared 
before the air conditioner could start. 

With this knowledge of the operation of the memory bits, go back through 
your sequence again and locate any possible conflicting conditions between 
drivers. Use Form #1 (see next page for this simple form) as a guide and 
assign each conflicting condition a bit number. Using Form i?l will Insure 
that you do not use the same bit number for more than one condition. Also 
remember that if you set a bit to acknowledge a certain condition, generally 
It should be cleared before the conflicting condition is allovmd to occur. 
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PROGRAM; 


DATE: 

BIT # FUNCTION 

1 

2 

3 

k 

5 

6 

7 

8 
9 

10 

n 

12 

13 

lA 

15 

16 

17 

18 

19 

20 
21 
22 
23 
Zk 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 


FORM #1 MEMORY BIT ASSIGNMENTS 
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5.5 WRITING THE CONTROL SEQUENCE | 

Now you should be ready to write your control sequence In a manner 
that will allow you to enter It into the logic lines. In the drums without 
too much rewriting or restructuring if you sequence,' 

A few general items to reinember as you proceed through this critical 

. part; 

1) Each driver or group of similar drivers should be assigned to a 

specific drum which can have up to 99 logic. lines. The total number 
of logic lines Is ALL DRUMS can not exceed 120. 

2) The 39 available lines on Drum #i are designated 1000 to 1099, on 

drum #3 line numbers are 3000 to 3099 and so forth for all druras. 

3) On the first pass through your sequence use as many logic lines 
as you think you need. You can always go back and combine lines 
later. The most important consideration should be that all events , 
and ^conditions are covered rather than trying to minimize the number 
of lines used in the sequence. 

A form similar to Form i?2 is recommended when you are writing your final 
control sequence. This- form guides you through all possibilities for each 
logic line. Using Form §1 requires you to answer the following six questions 
for each logic line: 

1) Line Number; This is the reference number of the logic line. It 
consists of the drum number and the line number. On Drum #1 the 
line numbers are prefixed with 10 then the line numbers from 00 
to 99. For example: 1037 is line 37 of Drum #1. 

2) Action Command: This is the command that actually controls the 

* 

status (ON'OFF) of the driver assigned to^ this drum. The Action 

Command can also contain commands that change the status of any of 

■ 

the 32 memory bits. Acceptable commands are: 
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On Driver OD X 

Off Driver FD X 

On Bits OB X 

Off Bits FB X 

Notfe that if the logic line specified is line 00 of any drum, the 
driver associated with that drum should be .set to the condition 
(either on or off) that configures the equipment in the proper 
state for initial start up. 

I 

3) Exl t to Line # ! The line number entered here is the line on this 
drum to which the drum spins and stops at if the first exit 
condition is met. Any valid line on this drum is acceptable. 

h) Exit Condition ^1; (If this specification Is met) ; This is where 

the conditions for leaving this logic line are listed. These conditions 
are usually proceeded by either an EXIT ALL (XL) or an EXIT ANY (XA) 
command are are listed in the following order; 

Status of Bits 

Status of Drivers « 

Status of Digital Inputs 

Analog Inputs Compared 

Time (Real and Elapsed) Compared 

5) Exit to Line if : The second line number is' entered here. This line 

is accessed if the exit condition for the first line was not met 
AND Exit Condition //2 are met. 

6) Exit Condition HZ (if this specification is met) ; The conditions 
for exiting to the second line are listed here. They have the same 
format as listed in the first exit conditions above. 
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If you fill out a copy of Form i?2 for every logic line of each drum, 
you will write your complete control sequence in the easiest and fastest 
possible method. 

Use the commands discussed in Section 6 to enter your sequence into the 
Sunkeeper. After the complete sequence is loaded and the Sunkeeper is control- 
ling your system, you can utilize the data logging function to monitor and 
analyze the performance of your sequence and then you can use the Editing 
Commands to alter your sequence for optimum performance. 
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FORM SI 


1 . Line Number 

2. Action Command 

3. Exit to Line S 

IF 

This Specification is met 
h. Exit Condition S\ 


5. Exit to Line # 

IF 

This specification is met 


6. Exit Condition SI 
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SAMPLE PROGRAM 


Figure 5~1 shows a simple sample program using only one 
drum. The reader should test his or her understanding of 
the SUNKEEPER by deducing the functions of this program and 
then entering It Into a SUNKEEPER and verifying the understanding. 


DP 1000 

PD 1 j 5s 8 
K1 1001 
01 5 
X2 1003 
□ I 9 

OP 1001 

HI 1002 
01 8 

PX TIS>30 
X2 1000 
PI S 

DP 1002 

DD 1,5s 8 
K1 1000 

FT fl 
K2 0000 
DP 1003 
FD 1 
rNl 1000 

PX TIS>5 
X2 0000 
DP 2000 

DD 3-4,6 
XI 2001 

PX TIM>15 
X2 0000 
DP 2001 

FD 3-4,6 
XI 2000 

PX TIf1>15 
X2 0000 
DP 3000 

FB 32 

XI 3001 , 

PX 0URM4 
X2 0000 
DP 3001 


CL 

R 


DB 32 
XI 0000 
X2 0000 




Figure 5-1 
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SECTION 6 

SUNKEEPER PROGRAMMING COMMANDS 




6.1 GENERAL 

This section describes the control conwands that are used with the 
Sunkeeper Control Unit. These coiwnands are divided. Into the following 
throe groups: 

1. Progranwing Commands 

2. Diagnostic Commands 

3. Print Commands 

Descriptions of the conwands ossociated with each group are given In 
the following paragraphs. Coimsands are listed olphabetlc.al ly by the 
abbreviation for the commands. A typical esample of each command Is given 
to further explain the function and use of the conwand In normal Sunkeeper 
opera t tons. 

6.2 PROGRAMMING COMMANDS 

Programming commands are used to set up the Sunkeeper for Initial 
operation, enter the Action and Exit specifications of a control seguonce 
Into drum linos, or edit an existing seguonce. 

The Progriimmlng Commands are divided into the following four major 
groups: 

1 . Initialise Conmia nd s 

2. Action Coiwiiands 

3. Exit Coi:urands 

*♦, Editing Coiwuinds 
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6.2.1 Initialize Commands 

The following eight commands are listed alphabetically with the full 
command name printed In capital letters and the actual command that Is 
entered Into the Simkeeper Is enclosed In parenthesis. If a command has 
multiple arguments, an X 1s Included In the parenthesis with the abbreviation. 

* , 

ATTENTION (sN) 

The Attention command Is used as the first comtftand sent to the Sunkeeper 

i 

prior to entering any other conmiands. 

User Enters : SN 

Sunkeeper Action ; Unit Is now ready to accept'all other valid commands. 

Next command sent Is usually the four digit address 
code of the desired unit. 

DISCONNECT (SG) 

The Disconnect command Is used to terminate communications with the 

* 

Sunkeeper. 

User Enters ; SG 

Sunkeeper Action .* Unit Is disconnected from the I/O terminal and does 

not respond to further commands. 

RELOAD (RL X) 

The Reload conmiand has two functions: 

1 ) User Enters : RL/ 

Sunkeeper Action ; The program tape Is loaded- from the tope reader Into 

RAH. The paper tape must be mounted In the reader 
prior to Issuing this command, 
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Clear Drum (ZMX) 

User Enters ; ZM3 

I 

Sunkeeper Action ; All lines on Drum 3 are erased. Any valid drum 

number can be used. 


RUN (RU) 

The Run command is used to start the hasten Control Sequence. 

User Enters ; RU 

Sunkeeper Action ; All drums spin and stop at line zero and commence 

normal line processing. 

SET TIME (ST XXX XXX XXX XXX XXX XXX) 

The Set Time command configures the calendar/clock for the current time. 
The time values are entered In the following order: year, month, date, 

day of week, hour, minute. The complete procedure for setting the clock 
Is described in paragraph 3*5 and an example is given below: 

User Enters : ST 2 JUL 15 FRI ]k l8 

Sunkeeper Action : Clock is set for 1977» July, 15, Friday, 2:18 PM 

and will continue to run from this time. 


CLEAR HISTORY FILE (ZH) 

The Clear History File command erases the data logging values. 
User Enters : ZH 

Sunkeeper Action: All values stored in data logging section of 

memory are erased. 


REINiTIALIZE EKflRE SYSTEM (ZS) 

The Reinitialize Entire System command erases all user entered commands 


and s*rt tings. 
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User Enters: Zs 


t 


Sunkeeper Action ; All memory locations are erased, clock is not set, 

only Master Control Sequence -is not effected. 

ZAP DRUM _ ' (ZH X) 

The Zap Drum command clears the all line action and exit conditions 

for the drum line specified. 

* « * 

User Enters: ZM '8 

Sunkeeper Action ; All user entered conditions on drum 8 are cleared. 

This drum if now blank. 

6,2,2 Action Commands 

The following four commands can be entered in the Action portion of the 
logic line. These commands either turn on or off the drivers that connect to 
the external equipment or set or clear the internal memory bits. 

TURN OFF BIT (FB X) 

This command causes the bits specified to reset to zero (off). Valid 
terms for X are 1 through 32. Memory bit designations can be separated by 
commas. Unspecified bits are not effected. 

User Enters ; FB 1,6,21,23 

Sunkeeper Action ; Internal Memory Bits 1, 6, 21 and 25 are reset to 
zero when the line containing this Action Command is processed. 

TURN OFF DRIVER (FD X) 

This command causes the output driver lines specified to de-energtze 

(turn-off)* Valid terms for X are 1 through? 32* Unspecified lines arc not 

*• * 

effected. f’aoe D-if 

page is 
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User Enters; FD 6,8,10 


Sunkeeper Action: Output driver lines 6, 8, and 10 are turned off when 

■ ' ■ ■ ' — J 

the line containing this Action Command is processed. 


TURN ON BITS (OB X) 

This command sets memory bits. Valid terms for. X are 1 through 32. 
User Enters : OB 2,i( 

Sunkeeper Action ; Memory bits 2 and k are set (turned on) when the 

line containing the Action Command is processed. 


TURN ON DRIVERS (00 X) 

This command turns on (energizes) the specified output driver lines. 

Val id terms for X are 1 through 32. 

User Enters ; OD 7“13 

Sunkeeper Action ; Output lines 7 through 13 ape energized when the line 

containing this Action Command is processed. 

6.2.3 Exi t Commands ( Re fer to sample program section 6.5) 

Each logic line has provisions for two Exit Conditions. These conditions 
are established using combinations of the various analog or digital Exit 
Commands listed below: 

EXIT CONDITION ONE (XI) 

This command specifies that all other commands or conditions in this 
exit specification must be met before the line exits to a new line. This 
command is considered as an "AN0“ function. 
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User Enters; XI 


; OBI, h FD7-10 


Sunkeeper Action ; The exit condition containing this command is 

satisfied only when Memory Bits 1 and 4 are on 
and output drivers 7 through 10 are de-energized. 


EXIT CONDITION TWO (X2) 


This command specifies that all of the commands or specifications in 


this Exit Specification shall be met for the line tt 
This command is considered as an "OR** function^ witi 
User Enters ; X Z ; 0B6,3 
Sunkeeper Action ; The exit condition for this 
' either bit 6 or bit 3 is ON 


DIGITAL EXIT VALUES 

The following six digital (ON/OFF) conditions 
Specifications for a logic line: 

Digital Input Lines On (Ol X) 

Digital Input Lines Off (FI X) . 

Internal Memory Bits On (03 X) 

Internal Memory Bits Off (FB X) 

Output Driver Lines On (OD X) 

Output Driver Lines Off (FD X) 


exit to another line, 
respect to Exit Condition one 


line is satisfied if 


can be included in Exit 


ANALOG EXIT (AX Text) 

This command specifies the analog exit conditions that roust be met to 
satisfy the line. The text part of the command can consist of up to 4 analog 
values. These numbers can be values from the analog input lines, clock 
values, or set points. These numbers roust be separated by one of the 
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» (Conmia) | 

(Less Than) 

t 

^ (Greater Than) 

^ t 

s (Equal To) 

*• (Minus) 

The comma (,) Is used to separate groups of commands In the condition. 
The greater than (>), less than (■^ and equal to (=). designations specify 
the relationship between 'the value of the analog variable on the left and 
the set point on the right. The logic in the Master Control performs the 
indicated comparison and, if it Is correct, this part of the exit condition 
is satisfied. The minus (-) designation specifies t>iat the value of the 
analog variable on the right is subtracted from the analog variable on the 
left. All negative results are indicated as a zero -value. (Minus sign is 
dash on keyboard of terminal unit). 

The following Calendar/Clock values can be used In the Analog Exit 
Command. - - 


REAL TIME 

Month of Year (MT) 

Day of Month (DAY) 
Day of Week (WKO) 
Hour (OUR) 


JAN, FEB, MAR, APR, MAY, JUN, JUL, AUG, SEP, 
OCT, NOV, DEC 

I through 31 

MON, TUE, WED, THR, Fr,j , SAT, SUN 
0 through 23 with 0 being midnight 


ELAPSED TIME 


Time in tenths of seconds (T.S) .1 to 25.6 


Time in seconds (TIS) 

Time in minutes (TIM) 

Time in hours (TIH) , 

Pago 0-7 

Time In days (TID) 


I to 256 
I to 256 

1 to 256 
1 to 256 


I 

f 

I 

User Enters ; AX V>22» 2-5^00, WKD«SUN, . 

( 

Sunkeeper Action: This specification Is true only on Sundays 

viihen the temperature on ana.log input lineone is greater 
than 22 degress and the difference between the analog 
values on Input l ines 2 and 5 is less than 100, degrees* 
Note; the temperature scale is nonlinear, therefore. 
The value of a difference depends on the temperatures 
when the calculation is made. 

4 

t 

6.2.4 Editing Commands 

S « 

These commands are used to access the drum lines and specify where 
(Action or Exit portion of the line) the commands are applied. 

OPEN (OP X) 

This command opens either a logic line or the ’data logging line. When 
X is any valid logic tine number this line is opened. When D is entered 
in place of a line number, the data logging ♦line is opened. As iong as a line 
is open, the Sunkeeper types E instead of R whenever It is ready for the next 
command. Changes to the line do not take effect until the line is CLOSED. If 
OP is issued whi le another line is open, the other . I ine is automatical ly 
CLOSED first. When a line is first opened, the Action Command {specifying 
the bit and driver settings) may be modified using the On and Off commands. 

User Enters ; OP 5002 

Sunkeeper Action ; Line 2 on Drum 5 is opened^and ready to accept 

newer additional commands to the logic line. 

I 

■ ! 
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CLOSE (CL X) 

This command terminates the editing mode for the current logic line. 
Changes made to the line do not take effect until the line Is closed with 
this command. Until the line is closed, the original text of the line can 
be recovered by exiting from the editing mode using, the XX commc;id, then 
using the Open Command (OP) to open the line again.’ The Close command can 
be issued while the Sunkeeper is performing normal operations. Therefore, 
if new lines are added to the program while the Sunkeeper is running, the 
new line should be added before any exiting lines are changed to refer to 

4 

these new lines. This is because a new line can not effect the control 
sequence because no existing line can reference it.* The Close command 
checks al 1 lines to insure that none of them referenced lines that do not 
exist, and does not close the present line if there, is a reference error. 

User Enters ; CL 6015 

Sunkeeper Action ; Line 15 of drum 6 is removed from the editing mode. 
FIRST EXIT LINE (XI X) 

This command sets line X as the first exit for the line being edited. 
Further changes to the line, affect the first exit condition. XI may only 
be used during editing. Line 0 may be specified, in which case neither the 
first nor the second exit will ever be examined. If no line number is 
specified at all, the exit line number is not changed, and future editing 
changes are directed to the first exit specification. 

User Enters ; XI 5003 

Sunkeeper Action ; If the first exit condition, for this line is met, 

drum 5 spins to line 3. 
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SECOND EXIT LINE (X2 X) 

This command sets a llneiasthe second exit for the line being edited. 
Further changes to the iine affect the second exit condition. X2 may only 
be issued during editing. Line 0 may be specified, in which case the 
second exit will never be examined. If no line number is specified at all, 
the exit line number is not changed, and future editing changes are directed 
to the second exit specification. 

User Enters : X2 8017 

Sunkeeper Action ; If the first exit specification was not met and the 

second was, drum 8 spins to .line 17. 

EMERGENCY EXIT SPECIFICATION (XE X) 

This command takes a list of up to 300 line numbers specifying the lines 
to which the drums are rotated if the emergency condition is satisfied, XE 
may be issued only when editing an emergency line or a data logging line. 

When editing a data line, only the first number may be specified, and it 
establishes the number of minutes between data averaging. 

1) User Enters ; XE 1005, 2015, 3028, 7052 

Sunkeeper Action ; Drum 1 spins to line 5 

Drum 2 spins to line 15 
Drum 3 spins to line 28 
Drum 7 spins to 1 ine 52 
All other drums do not rotate 

2) User Enters ; XE 15 

, Sunkeeper Action; The line this command was entered in will be data 

logged every 15 minutes. 

TERMINATE EDIT WITHOUT CLOSING (XX) ‘ 

This command leaves the editing mode without issuing a CLOSE command. 
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Any changes to the line are discarded. This is useful when inappropriate 
changes have been made to a line and it is desirable to return to the 
initial state. 

User Enters: XX 

Sunkeeper Action ; Original commands on line being edited are retained 

and any new editing commands are disregarded. 

* ■ 

6.3 DIAGNOSTIC COMMANDS 


Diagnostic commands are used to modify the operation of an existing 
control sequence or to force a sequence to perform with a given set of inputs. 
Generally, when operating in the diagnostic mode the drum lines are electrically 
disconnected from the external equipment and the logic receives inputs from 
these user generated commands. 

6.3.1 Alter Analog Input Command 

In certain instances, the value on an analog input line is replaced with 
a known value regardless of the actual valuq of the input. 

ALTER ANALOG (AA X Y) 

This command permits a value (Y) to be inserted on analog input velu® X. 

Any valid input value number can be specified for X and any value from 1 to 
256 can be used in Y. In order for this value to persist in spite of efforts 
by the thermistors to change it, the analog input must be DISABLED. AA does 
not disable the input. The specified value is kept until the input is ENABLED 
or until it is changed by another AA command. 

User Enters: AA 2007 126 

Sunke e per Action; The current value of lire 7 on drum '2 is replaced 


with 126 
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6 . 3.2 Clear Commands 

These commands clear or turn off the specified input, bits, or 
drivers. 

CLEAR BIT (CB X) 

This command resets the specified memory bits.. The bits reset 
immediately but may be altered by another line unless the drum containing 
that line is disabled. 

User Enters ; CB 1, 7» 19 

Sunkeeper Action ; Memory bits 1, 7 and 19 are reset to zero. 

CLEAR & DISABLE DRIVER (CH X) 

This command both turns off and disables the output drivers specified 
by X. This command does not affect the condition of the drivers as seen by 
the drum lines. This command is generally used to set hardware conditions 
that are not to be changed. 

User Enters ; CH 7» 8 , 25 « . 

Sunkeeper Action: Drivers 7, 8 , 25 are disabled and turned off. 


CLEAR INPUT (Cl X) 

This conmiand causes the specified digital inputs to be seen as OFF 
by the drums, if these inputs are not disabled, this command will only 
persist for one scan then the input will assume its co-rect status. 

User Enters ; Cl 4-8 

Sunkeeper Action; Digital input lines 4 through 8 are off. 
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6.3.3 Disable Commands 

t 

Disable. commands freeze the values of the specified inputs, outputs 
or bits at the current status. Neither the external ■ equipment nor the 
program can alter the values of disabled items. Only after being enabled 
can these values change. The appropriate set and clear commands for dis- 
abled items only affect the way the drums process the data but does not have 
any effect on the control' system^ 

DISABLE ANALOG (DA X) . ' 

This command freezes the value of the specified analog input(s). Until 
the input Is Enabled, the value can be changed only by an Alter Analog 
command. 

User Enters ! DA 5» S*» 2A 

Sunkeepar Action ; Analog input lines 5i 9 and 2k are disabled. 

D I , ABLE BIT (OB X) 

This command prevents the specified memo'ry btt(s) from changing except 
in response to a SET BIT or CLEAR BIT command. 

User Enters ; DB i8, 27, 30 

Sunkeeper Action ; Memory bits 18, 27 and 30 are frozen at their current 

state. 

DISABLE DRIVER (DD X) 

Th's command disconnects the output drivers from the drum program and 

leaves these outputs in their current state. SET c.nd CLEAR do not affect 

the hardware of DISABLED drivers, but the Sunkeeper. regards the SFT or CLEAR 

as having taken place for purposes of testing the output drivers. 

User rnler <;: DD 5.3 ; 

SunI'ocMu-r Ac t i_onj Output drivers 5 and 8 are |iisabled. ^ 


DISABLE INPUT (01 X) 


This command leaves digital inputs in the state they are in at the time 
of the DISABLE. SET and CLEAR commands may be used to change the state of 
a DISABLED input. 

User Enters : Dl 1-5, 8 

Sunkeeper Action : Digital inputs 1 through 5 and line 8 are disabled. 

DISABLE DRUM (DM X) 

This command prevents the specified drum from having any effect on 
drivers or memory bits. The output and memory settings generated by the 
disabled drum are saved and can be examined using the print commands. Under 
these circumstances, driver and memory settings generated by any drums are 
saved for examination using the print commands. 

User Enters : DM 1,6 

Sunkeeper Action; Drums 1 and 6 are disabled. 


6.3.^ Enable Commands 

- ...... ^ 

Enable commands remove the effect of Disable commands and alloiv the status 
of the previously frozen inputs, bits, or drivers to change and reflect the 
current state of the equipment. Whenever an input is Enabled, the hardware 
sensor determines if current values and, on the next scan, this value is used 
by the drums. When an output driver is Enabled, the drive status is not 
changed until a drum line changes it. 

ENABLE ANALOG (EA X) 

This command enables the specified analog input lines. 

User Enters; EA 5 


Sunkeeper Action ; Analog input five is enabled 


ENABLE BITS (EB X) 

This command enables the specified memory bits. 

User Enters : EB 7i9i30 

Sunkeeper Action ; Memory bits 7» 9* 30 are enabled 
ENABLE DRIVERS (ED X) 

This command enables the specified output driver lines. 

User Enters ; ED 18 

Sunkeeper Action : Output drivers h, 5, 6 and l8 are enabled 

ENABLE INPUTS (El X) 

This command enables the specified digital Input lines. 

User Enters ; El 7 » 1 1 

Sunkeeper Action: Digital Input lines 7 and 11 are enabled. 


ENABLE ALL (EL) 

This command removes all disables. It does not require that the Items 
be specified. 

User Enters ; EL 

Sunkeeper Action; All disables are removed. 


ENABLE DRUM (EH X) 

This command enables the specified drums 
User Enters : EH 5,8 

Sunkeeper Action : Drums 5 and 0 are enabled 

1 
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6.3.5 Set Commands 


Set commands force an input, bit, or output to the on condition. 

SET HEMCRY BIT (SB X) 

This command sets the memory bits specified. The change takes place 
Immediately. This state may be changed by a drum, depending on the program 
and whether or not the drum is Enabled. 

SET S DISABLE OUTPUT DRIVER (SH X) 

This command disables and sets (turns on) the specified output drivers. 
The command does not affect the status of the drivers as seen by the drums. 
User Enters : SH 1,, 

Sunkeeper Action : Output driver lines I and 8 are disabled and appear 

turned on to the drums. 


SET INPUT (SI X) 

This command sets (turns on) the specified digital inputs. This set 
value may be changed on the next scan if the input is not disabled. 

User Enters : SI 8, 25 

Sunkeeper Action : Digital input lines 8 and 25 are turned on (set). 

6.3.6 Drum Command s 

Piiim commands effect the operation of the drums when in the diagnostic 

mode. 


ADVANCE DRUM LINE (AV X Y) 

This command forces the line specified in X to exit to the line number 

initiated in the first exit specification, if the value of Y is 1 or to the 
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line In the second exit specification If Y is 2. This action does not require 
that either exit condition be met. 

User Enters ; AV 2013 2 

Sunkeeper Action : Drum 2 leaves line 13 and spins and stops at the line 

number specified in the second exit condition of line 13. 

REMOVE DRUM LINE STOP (NS X) 

This command removes the stop condition from the specified line. If *'/" 
is entered for the line, all stop conditions are removed. Although this 
command indicates that a drum is no longer inhibited from leaving the current 
line, it does not necessarily follow that ..the drum will leave the line. In 
order for the drum to leave the line, the exit conditions must be satisfied. 

A stop condition does not prevent the operator from leaving the line by 
using the Advance Drum Line (AV) or Rotate (RH) commands. 

User Enters : NS 1015, 6008 

Sunkeeper Action : The stop condition on line 15 of drum 1 and line 8 

of drum 6 are removed. 


ROTATE THE DRUM (RM X) 

This command rotates the specified drum to the specified line. The 
action command for this new line is not processed until the next control cycle. 
All timers for the drum are cleared. The drum may, of course, be moved from 
the specified line during the next cycle, depending on its exit specifications 
and emergency conditions. 

User Enters t RH 5028 

Sunkeeper Action ; Drum 5 spins and stops at line 28 but does not perform 

the Action command until the next control scan. 
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RESET or LINE ZERO (RS) 

This command causes all drums to be reset to line 0. This command 
may be Issued whether the Sunkeepcr is running or not. 

User Enters : RS 

Sunkeeper Action ; All drums spin and stop at line zero, 

STEP A DRUM LINE (SL X) • 

This command causes the Sunkeeper to process the Action Command for 
line X. Inputs are not scanned, and the exit conditions for that line 
are not examined. This may or may not affect the driver hardware, depending 
on whether or not the drum or the drivers are ENABLED. The effect is as if 
the Sunkeeper had transferred to that line for one scan and then resumed 
processing the line It was on at the time the command was issued. 

User Enters : _SL 5051 

Sunkeeper Action : The Action command for line 51 of drum 5 is executed 

and remains on that line for one scan then goes back 
to the line it was pi;ocessing when the SL command 
V\(as received. 


STOP (SP X) 

This command stops the drum specified in X. This drum is not examined 
at ail during the control cycles. A stopped drum may be restarted by rotating 
it to the appropriate line using the RM command. An argument of stops 
all drums and thereby halts the control program. This turns off the RUN 
light. All outputs are loft as they were at the end of the cycle. SP / is 
an extremely drastic command and is not recommended for normal use. 
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The Print Commands allow the user to select the values and status of 

t 

the Sunkeeper during various operations. 

PRINT ANALOG (PA X) ' 

This command prints the hardware value and thedrum value of one analog 
input. If a numerical argument is supplied, only the specified input is 
printed. If "/'• is specified, all analog inputs are printed in a list. If 
the value of the analog input has been frozen by a DISABLE command, the first 
value is the value to which the input has ’been frozen, and the second is the 
hardware value. If the analog input is not disabled, the two values are the 
same. 

PRINT THE BIT MEMORY (PB) 

This command prints just the memory bits that are ON (set) It presents 
these bits as seen by the drums, which may or may not be the same as the actual 
bit states depending on the status of the Disable command. PB / lists the 
actual bit states. 

PRINT DRIVERS (PD) 

This command lists the output drivers which are ON. This information 
duplicates the display lights for drivers which are' not disabled. If a 
driver is disabled, the state printed is the state the driver hardware would 
assume if the driver were not disabled. PO / prints the state of the hardware. 


i 

i 
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PRINT HISTORY FILE (PH) 
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This command prints the history data logged in' the system. The data 
logger can handle up to 16 variables. Up to 32 averages are recorded in the 
history storage. The history printout gives the beginning hour and minute at which 
each sample v^fas taken, the number of minutes between each average, and the 
values of the 16 variables. The time is also given. 

PRINT DIGITAL INPUTS (Pl) 

This command lists the digital input lines which are ON, This informa- 
tion duplicates the indicator lights on the front panel for inputs which are 
not Disabled. The value printed for Disabled inputs is the value to which 
they were last SET, regardless of the state of the hardware. If the hardware 
state is desired, a "/" argument to the print command should be given. 

PRINT DRUM LINE (PL X) 

This command prints the text of drum line X. If the line Is being 
edited at the time of the PL, the printed line is the state of the line before 
it was edited. If the PL command is not given a 1 ine number, the state of 
the line as it \iiould be if a CLOSE were to be given is printed instead. This 
allows the operator to verify the edited line before closing and inserting 
the changes in the control sequence, 

PRINT DRUM (PM X) 

This command prints all the lines in drum X. This is a handy means of 
reviewing the program for a specific drum. "/” indicates that all drums arc 
to be printed. 
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PRINT CURRENT DRUM POSITION (PP X) 


This coiraiiand prints the logic line of the spec 


ified drum that is 


being processed at the time the PP command is received. 


PUNCH THE PROGRAM (PU) 

This coiTuiiand causes the Sunkeeper to punch the 
its memory. This generates a program listing (if a 
used) . 


PRINT DISABLED (PX) 

* 

This command lists all inputs, bits, and output drivers that are 
disabled. 


users program from 
teletype punch is 


PRINT TIME (Tl) 

This command causes the Sunkeeper to print the current value of its 
clock. The print is In the form YY MM DD WKD HH MM SS. The clock Is read 
at the time the print starts, sothe printed value i,s off by the amount of 
time taken to do the printing. 

6.5 SAMPLE PROGRAM 

Refer to Figure 6“1 for a sample program that Illustrates format and use 
of exit conditions. 

Refer to Figure 6-2 for a sample print out of the history file and method 
for identifying data. 
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SAMPLE . PROGRAM . 


SN (ID.CODE) 

T1 

Tl 006 JUL 00 t TUE 017 035 002 

P 

PU 

OP 1000 

FD 1-5,7 
XI 1001 

01 3.5 
X2 1006 
01 4-5 

OP 1001 

OD 4.7 
XI 1003 

AX 25?90,T!S 4 
X2 1002 
AX T1S>5 

OP 1002 

XI 1004 

AX 25<80,JIS;'4 
X2 1005 
AX T1S>5 

OP 1003 
OD 1 
FD 2 
XI 1005 
AX TISH 
X2 0000 

OP 1004 
OD 2 
FD 1 
XI 1005 

AX T1S.-4 
X2 0000 

OP 1005 

FD 1-2 
XI 1001 

AX TIS-4 
X2 1000 
FI 5 

OP 1006 
OD 4 
XI 1008 

AX 6 215,TIS^4 
X2 1007 

AX TISj-5 

OP 1007 

XL 1009 

AX 6 205,TIS-'4 
X2 1011 

AX T I S.’S 


OP 1009 
OD 2 
FD 1 
XI 1010 

AX TIS'5 
X2 0000 
OP 1010 

FD 1-2 
XI 1006 

AX T1S^4 
X2 1000 
F! 5 

OP 1011 
OD 5 
XI 1006 

AX TISH 
X2 1000 
FI 5 


ff 


Figure 6-1 
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SAMPLE HISTORY FILE 


t 


6N 

T|“005‘ JUL 001 TUE 017 039 015 
P 

OP D 
E 

PL 

OP 10000 

OD k 

AX 25-26-27=28-29-2-3-4-5-6-7-8-9=0 
XE 0015 

E (Note; 1st two columns on left are time. 
CL are data In order given above) 

P 


All 


others to the right 


I 1 1 

009 

035 

000 

065 

064 

054 

255 

£55 

076 

078 

078 . 

078 

115 

113 

101 

076 

000 

00 0 

009 

050 

000 

065 

064 

057 

£55 

£55 

078 

080 

080 

080 

115 

113 

101 

076 

000 

000 

010 

005 

000 

065 

064 

061 

£55 

£55 

081 

08£ 

082 ■ 

082 

115 

113 

101 

076 

000 

000 

010 

020 

000 

065 

064 

062 

£55 

£55 

084 

085 

085 . 

085 

115 

113 

101 

076 

000 

000 

010 

035 

000 

065 

LS4 

062 

£55 

£55 

087 

088 

088 

089 

115 

113 

101 

076 

000 

00 0 

010 

050 

000 

064 

064 

062 

£55 

£55 

091 

09 £ 

09£ ■ 

092 

115 

113 

101 

076 

000 

0 0 0 

oil 

005 

000 

065 

064 

063 

£55 

£55 

094 

095 

095 . 

096 

115 

113 

101 

076 

000 

000 

oil 

020 

000 

065 

064 

063 

£55 

£55 

097 

098 

099 

099 

115 

113 

101 

076 

000 

000 

oil 

035 

000 

064 

064 

062 

£55 

£55 

100 

10£ 

102 ' 

io£ 

115 

11£ 

101 

076 

000 

000 

Oil 

050 

000 

065 

064 

062 

£55 

£55 

105 

1 06 

1 06 , 

106 

115 

112 

101 

076 

000 

ooc 

01£ 

005 

000 

064 

064 

062 

£55 

£55 

108 

1 09 

109 

1 09 

115 

113 

100 

076 

000 

0 00 

012 

020 

000 

065 

064 

063 

£55 

£55 

111 

112 

11£ ■ 

113 

115 

113 

100 

076 

000 

ooc 

012 

035 

000 

065 

064 

063 

£55 

£55 

115 

116 

116 

116 

115 

113 

100 

076 

000 

0 0 c 

012 

050 

000 

065 

110 

066 

£55 

£55 

111 

113 

ii3 

113 

115 

113 

100 

103 

000 

0 0 i 

013 

005 

000 

065 

116 

067 

£55 

255 

111 

113 

113- 

113 

128 

126 

095 

112 

000 

0 0 y 

013 

020 

000 

066 

116 

066 

£55 

£55 

107 

108 

108 

108 

135 

134 

096 

108 

000 

ooc 

013 

035 

000 

067 

116 

066 

255 

£55 

107 

108 

108 ‘ 

1 09 

1 36 

135 

113 

110 

000 

Cl 0 c 

013 

050 

000 

06S 

116 

067 

255 

£55 

111 

112 

112' 

112 

137 

136 

115 

113 

000 

00 c 

014 

005 

000 

06S 

114 

067 

£55 

£55 

113 

U4 

114 

114 

138 

137 

115 

115 

0 0 

Cl Cl c 

014 

020 

000 

06S 

115 

068 

£55 

£55 

114 

115 

115 

115 

13'?' 

136 

115 

115 

000 

0 0 1: 

014 

035 

000 

068 

107 

068 

£55 

£55 

114 

115 

115 

115 

137 

136 

115 

116 

000 

0 0 1 

014 

050 

000 

068 

104 

066 

£55 

£55 

114 

115 

115 

115 

137 

136 

115 

116 

0 0 0 

0 0 1: 

015 

005 

000 

068 

104 

065 

£55 

£55 

114 

115 

115 

115 

137 

136 

115 

1 16 

000 

0 0 c 

015 

020 

000 

067 

104 

065 

£55 

£55 

114 

115 

115 

115 

137 

136 

115 

116 

0 00 

0 0 1 

015 

035 

000 

068 

104 

065 

£55 

£55 

114 

115 

115 

115 

138 

137 

115 

116 

00 0 

0 0 i 

015 

050 

000 

068 

105 

063 

255 

£55 

114 

115 

115 

115 

138 

138 

115 

116 

0 0 0 

0 1 j 1 

016 

005 

000 

067 

104 

063 

£55 

£55 

114 

115 

115 

115 

138 

137 

115 

116 

000 

0 0 1 

016 

020 

000 

067 

105 

063 


£55 

114 

115 

115 

115 

135 

134 

115 

116 

0 0 0 

0 Cl 1 

016 

035 

000 

067 

105 

063 


£55 

114 

115 

li5 

115 

132 

131 

115 

116 

000 

111 0 1 

016 

050 

000 

067 

Oy 5 

Co 1 

£55 

£55 

114 

115 

115 

116 

1 £ (' 

126 

115 

117 

00 0 

0 0 ' 

017 

005 

0 0 0 

065 

Oy y 

059 

£55 

£55 

116 

118 

118 

118 

127 

126 

114 

119 

0 0 0 

00' 

017 

020 

000 

064 

063 

059 

£55 

255 

114 

115 

115- 

115 

127 

126 

111 

117 

0 0 0 

0 Ct ‘ 
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SECTION 7 


( 


MAINTENANCE S TROUBLESHOOTING , 


7.1 MAINTENANCE PHILOSOPHY 


PAGE IS 
ip® Ef>OR QUALffTV; 


The Sunkeeper Control. Unit requires no extraordinary maintenance 

procedures. Typically the only care requires is such that would normally 

* • 

be given to similar electronic equipment. The Sunkeeper's rugged construc- 
tion and use of all solid state components should provide many trouble-free 

A 

hours of control operation. 


7.2 TROUBLESHOOTING 

» 4 

The first step in trying to isolate troubles in a system that is 
controlled by a Sunkeeper is to find out whether the malfunction is in the 
controlled equipment (senjors, relays, valves, etc.) or In the Sunkeeper. 

Disconnect the input control wiring to the Sunkeeper at input 
connectors JA, JB, JJ and JH. Request that the analog, arid 'digi tal input 
valve be printed. All should read zero. 

insert an Analog Input Tester into connector JH and read the inputs or. 
analog input pins 1 through 16. These should compare with the values supplied 
• with the tester. Then insert the tester in connector JJ and read the values 
for analog inputs 17 through 32. 

If any of the readings are incorrect, the out-of- tolerance channel is 
■ not considered to be reliable and should not be used. 

NJTE 

I ■ M ll.p» 4 

If there are other or spare input channels available, the load 
vjiring normally connected to the defective channel should be 
attached to a good spare Input channel. 
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I 

To check the digital inputs, insert a Digital Input Tester in 

i 

connectors JA and JB then read the values on lines I - 16 and 17 " 32 
respectively. 

Output drivers can be checked by monitoring the lines at the point 
where they connect to the external equipment and observing the front panel 
status lights that iiluminate to indicate a driver that is ON. 

There are no repair procedures for a defective' Sunkeeper Unit. The 
unit should be shipped back to the factory for repair. 


7.3 USE OF PHONE IN CENTER 


Sunkeeper Installations having a telephone modem on their input/Output 
terminal can take advantage of a unique Sunkeeper d-iagnostic feature. By 
calling the Sunkeeper Service Center and attaching the telephone handset 
to the mode, the local Sunkeeper can be operated under the control of a 
special diagnostic program run at the service center. This feature can 
determine the operational status of the Sunkeeper and also help isolate 
faults. . 


7.4 

7.4.1 


7.4.2 


HYDRONIC SYSTEM ’MAINTENANCE 




Circuit Set jer ~\/a Ives 

These valves require no maintenance. If one should malfunction or leak, 
remove it and replace with a new valve. The procedure for using ^'hese 
valves is explained in Appendix A-2. 

Modumate Zone Control Valves 

These valves require no maintenance; These val’ves are operated by a heat 

■ V t 

motor. In the event of a failure, turn "OFF" power in the control panel. 
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4 

remove wiring, remove motor and replace. See Appendix A*5 for valve cuts, 
7.^.3 Griswold Constant Flow Controls 

These items require no maintenance. In the event of failure, replace. 
For ordering information refer to Appendix A-4. • 

i 

7.^.4 Pumps 

The pumps require routine maintenance. Refer to Appendix A-3. 

7,4.5 Isolation & Draining 

« 

Removal of any Item in the hydronic system piping requires that the 
I.P.E.C.H. package be isolated from the external piping systems. Valves 
and drain plugs are provided for this purpose. 
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APPENDIX A 




COMHAHD LIST 

PROGRAMHING (EDIT) DIAGMOSTIG 


AX ANALOG EXIT SPEainCATION 
CL CLOSE LINE BEING EDITED 
FB BITS V/mCH AltE OFF/TURN OFF BIT 
FD DRIVERS WHICH ARE OFF/TURN OFF DRIVER 
FI INPUTS ViHICH ARE OFF 

OB BITS WHICH ARE OM/SET BIT 

OD DRIVERS WHICH ARE OH/TURN ON DRIVER 
01 INPUTS WHICH ARE OH 

OP OPEN A DRUM LINE FOR EDIT 
PU PUNCH THE PROGRAM 
RL RELOAD THE DRUM LINES 

RU RUN THE PROGRAM 

ST. SET TIME 

XI FIRST EXIT SPECIFICATION 
• X2 SECOND EXIT SPECIFICATION 
XE EMERGENCY EXIT SPECIFICATION 
XX GET OUT OF EDIT WITHOUT CLOSING 
' 2H CLEAR HISTORY FILE 

■ 26 REINITIALI2E ENTIRE SYSTEM 

■ 2H 2AP DRUM 

PRINT 

PA • PRINT ANALOG 

PB PRINT THE BIT MEMORY 

PO. PRINT DRIVERS 

. PH PRINT HISTORY FILE 

PI PRINT DIGITAL INPUTS 

PL PRINT DRUM LINE 

•PM PRINT DRUM 

PP PRINT CURRENT DRUM POSITION 

• PU PUNCH THE PROGRAM 

■ PX PRINT DISABLED 

Tl PRINT TIME 

TIME 

REAL TIME 

HTH Month of year ( JAN, FEB, MAR, APR, HAY, J UN, 

JUL, AUG, SEP, OCT, NOV, DEC) 

WHD Day of week (MOH,TUES,WED,THU,FRI ,SAT,SUN) 

DAY Day of month (I to 30 
OUR Hour of day (0 to 23) 


AA ALTER ANAtOG VALUE 

AV ADVANCE DRUM LINE 

CB CLEAR BIT' 

CH CLEAR 6 DISABLE OUTPUT DRIVER HARDWARE 

C; CLEAR INPUT 

DA DISABLE ANALOG 

DB DISABLE BIT 

DD DISABLE DRIVER 

DI DISABLE INPUT 

DM DISABLE DRUM 

EA ENABLE ANALOG 

EB ENABLE BIT 

ED ENABLE DRIVER 

El ENABLE INPUT 

EL ENABLE ALL 

EH ENABLE DRUM 

NS REMOVE DRUM LINE STOP 

RH ROTATE THE DRUM 

RS RESET TO LINE 2ER0 

SB SET MEMORY BIT 

.SH SET AND DISABLE OUTPUT DRIVER HARDWARE 
SI SET DIGITAL INPUTS 

SL STEP A DRUM LINE 

SP STOP 

Tl PRINT TIME 


mm is 

W, S*OOE QUALTIT 


"interval time 

TID Elapsed time In days (I to 256 ) 

Till Elapsed time In hours (1 to 256} 

TIM Elapsed time in minutes (1 to' 256} 

TIS Elapsed time In seconds (I to 256 ) 

T.S, Elapsed t^nie In I/IO of seconds (.1 to 25>o. 


DESCRIPTIONS OF ERROR MF.SSAGE CODES . 


1 COMMAND tWHE HOT FOUND OR HOT YET DONE 

2 FORCED n TRANSFER TO NONEXISTENT LINE 

? , 3 REMOVED STOP FROM NONEXISTENT LIME 

‘ k DID HOT HAVE SLASH IN STOP 

‘ 5 OUTPUTTED LINE // REFERS TO NONEXISTENT LN 

I 6 ASKED TO FIND NONEXISTENT LINE // 

5 7 VALUE OUT OF RANGE IN COMMAND LINE 

8 OPEN OF NEW LINE BUT NO LIME NUMBER 
r 9 • LINE KUHBER NOT VALID 

1 ‘ 10 EDIT COMMAND SPECIFIED, BUT HOT IN EDIT 

11 INPUT SETTINGS SPECIFIED IH XI OR MODE 
•; 4 12 XI OR X2 ADDRESS IS FOR DIFFtUENT DRUM 

: ■ , 


13 AX SPECIF-lEO WHEN NOT IH Xl OR X2 MODE 
111 UNREC00NI2EABLE RELATIONAL IN ANALOG SPEC 

15 IHCORRECr VALUE IN ANALOG SPECIFICATION 

16 TOO MANY ANALOG SPECIFICATIONS FOR BUFFER 

17 ALPHA ARGUMENT NOT FOUND IN TABLE 

18 NUMERIC ARGUMENT S5K 

13 BAD DELIMETER BETWEEN ARGUMENTS 

20 BAD FIRST- DIGIT OF LINE NUMBER 

21 MULTIPLE XE ADDRESSES FOR SAME DRUM 

22 NEW LINE REQUESTED, BUT HB'.ORY FULL 

23 CAN'T PUNCH WHILE STILL IN EDIT 
2/| INVALID DR'JH NUMBER 



I 



APPENDIX B 


CIRCUIT SETTER VALVE OPERATION 
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» 


The Circuit Setter Valve Opcratioxi Bixlletiu A507 has beeu deleted 
because it was copyrighted 1969, 1973 by International Telephone aixd 
Telegraph Corporation. For information contact Bell Sc Gossett, Flvdd 
Handling Division - ITT, Morton Grove, 111. , 600S3. 
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CXRCtriT SETTER 
PRE-SET BALANCE 
PROCEDURE 
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FIGURE 1. EXAMPLE BALANCE PROBLEM 


fj Iiidica(;os Gate Valve Indicatets Hoa-Galibratcd |7oTt Indicates Lino Sized 

V Cocit Circuit Setter 


Page -3-4 




Figure 1 ie representative e£ a "to scale" piping Wyout and equipment 
schedule as’provided by a consultant's office. Figure 1 will be used as an ex- 
ample l.o illustrate pre-set balance procedure. 


terminal unit schedule . 

Terminal I MIg. MBH GPM Ft. Q^i-^trol 

Unit I & ^uaeJJ^ now [ 

- — f.r— f 1 — ~ __ L»U o' 5 -\»'ay 

il? — 70 12‘ 2-Way 

•r { — 10 3' 2-V.fay 

•rll I - 1 - I 80 I 4' I FM_ 


'PUMP D UJ-'^ „ 

“l^umo T'^o.l N o. | "j 

i BkG 1 21 0 j 


WZJ. 


CONTRO.L VALAU^ SC15E.DULE ^ 

I ValVe "I 1 Type* Cv*. 

V-?. — 2-l/2"( ?.-Way ; 24 

Y „3 ... - l"l/4’' 2-lVay ; 6.7 

y .4 I 4^;^ 3-IVay [ 185_ 

>i:Cv often not shown, but (jcneraliaed 
head loos limitation is stated in speci- 
fication. 


*" flUAuu, 
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f— 37130 
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( . 4ir.-%«.«‘. ^ ^ 

NMI'A^VMVfi* - »«« 

1J..J 

3700 


*«'3"/1^0 MeriUs: 

3" Pipe © 130 GPM 
For Pipe fJectiou G- 


BID SEI.7:CT.ED 


cs-:* f 

•“ ->^3 ?- 'r>-. T-4/«0 — ... 

''57C0 


TERMINAL UI\’IT .SCHEDULE 

Terminal"" "Mf^T'TT^Tr r* rnTl 
Unit No. GPM 

'r^ « :r**^ ^r™* -B7)"y~— - 

T-2 -- -- 70 

T-3 — — 10 — 

T~4 -- -- 80 


FIGURE 2. PIPE SEUNG IDENTIFICATION/FLOW RATE 


PIPE SECTION FLOV/ DETERMINATION 

Terminals T-1 (50 GPM) and T-2 (70 GPM) draw their required flow from the tee 
located at "D". Since (50 + 70) or 120 GPM lecivcs ”D", 1 20 GPM must enter 
; Uirough pipe section B-D. 

I . The toe located at "B" must provide 120 GPM to B-D plus 10 GPM to T-2; section ’ 
t ; A-B must tlicn flow 130 GPM to "B", ETC. 
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STEP 1 


' IDENTIFY PIPE SECTIONS AND PIPE SECTION FLOW RATES 



Pipe sections arc letter identified from "tee to tec" as shown on 
Figure 2. ewomAE ® 


?00R 


Pipe section flow rates are derived from terminal unit flow rate 
needs ajid on the simple premise that water flow into a tee equals 
water flow away from the tec. The procedure is shown on Figure 

2 . 


The method^' used for determining terminal unit flow rate need 
should be established by tlie consulting firm; eitlier in the speci- 
fications or by corfirmation letter to those concerned with balance. 
Ta this case, a "bi'l accepted" ternninal unit schedule will be used. 


It wiU be noted tliat the schedule shown on the plan illustrates the 
terminals used as a basis for design; pipe sizing, etc. . . . while 
the specification may state alternative units which are "bid accept- 
able". 


Sliould another manufacturer’s terminal units be accepted, the ter - 
minal unit schedule shown on the plans should be disrega rde d and 
replaced by a schedule illustrating the termin al s that will actua lly 
be used. 

For this example, tlie lerminsl units schedule on the plans arc al- 
so "bid accepted" and form tlie basio for the pipe section flow rates 
shown on Figure 2. 


jiUGINAD PAGE 13 
OF. POOR QUAUOa 


<”Othcr methods: GPM by temperature difference and 
GPM by unit size are shown in Examples 2 & 3. 


Page B-7 


©- 


[ 


L| -|v I 




'<of^^Vt:n C4» I 


zy^/50 

r'G//6.9' 

F a'^'/'so 

D-P/f.Z* 

V-2 

K 

‘ *i ‘ <^?, 

i O 'A'’> 


|. '-5 

C4‘ 

V*l 


<i>^37l3G 

I E-e/i.r 


y-2 


Z'^Z/'IO 
0- E/34.9' 


5.c^3'/!gO 

S“D/£.?,i* 


CS-2 ^ 

S>|‘" 

I 

A 


I 

I 


37/30N’ 
6 1-5/6. G' I 


I 


1 C-E/f.O' V 


V-3 

l.!Tj 


CS“‘- 


VsV I *- { ‘"'5 

/ l:-.T.y!»jnnw c 

Mi^47f0 


F *' ,.lii 


v^7fS0 

G‘C/.'4.4' 


A-D/J.9' 




f ror/.i’i i 

'/“4> 


i- 1 0 


“‘EtC 



i 


il. I 

\ tL-zi^L 

P- 1/2 10 


4" 




DLP. 


R « U'O^.A VttT.-^ k V 


4'/2fO 

(f>A/(0-0' 

:,v .s,:;;i ....... 

{ (ii) 




I 

,l 

V 




f 

azO tt»i t 

^4"/£IO '•' 


( 


3700 





1 

> y 

!t= 

1 

" ^ V* 


Mmm* 

1 -'i- 

^ ^ j 



CS-4 f 

f t 


»!'3"/3.30 

G-H/6. 6' Means: 

3" Pi) >e @130 GPM with 6 . 
Loss Jor Pipe be c t j o n G~ iT 


CHIGINa^ 

\^QQ& qu ality 


FIGURE 3. PIPE SECTION HEAD LOSS SHOAVN ON 

PL7Tf5 


6' Hd. 




STEP 2 


0 


DETERMINE ESTIMATE PIPE SECTION HEAD LOSS BY 
TABULTTrED PROCEDURE AND SHOW ON PEyOT 

The procedure used for detei'miniiig pipe section loss (ft. Hd. ) 
has been simplified by Bell & Gossett through use of Tables and 
Charts. (See Section 2; Head Loss Estimation). 

In order to establish basic pre-set balance procedure most quick- 
ly, it will be assumed that pipe section head loss have been esti- 
rnated*!* by simple proced’UiS later shown and that these sectional 
head losses appear as below: 


. PIPE SECTION 

FLOW RATE 

ESTIMATED 
HEAD LOSS* 

A B 

130 

1. 9' 

B D 

120 

2 . 2 ' 

D F 

50 

1 . 2 » 

C E 

10 

1 . 0 * 

E G 

80 

1 . !• 

G H 

130 

6 . 6 ’ 

F G (Ti) 

50 

16. 9 ' 

D E (T 2 ) 

70 

34. 9' 

B C (T 3 ) 

10 

14. 4' 

A H (T 4 ) 

80 

6 . 6 ' 

. H A (Eauip. Room) 

210 

10. C' 


These estimated head losses arc shown on tlic piping plan. 


*!‘Pipe section head loss estimation for this particular 
example is shown in Se ction 2; Head Loss Estimation; 
Example 1. 
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STEP 3 


USING PIPING PLAN AS "ROAD MAP", FI ND H I GHEST 
HEAD LOSS CIRCUIT 




Since .the equipment room piping {H — ^' A) flows all the water de- 
livered to the terminal circuits, it is not part of the proportional 
balance pro’Rem, The considerations pertaining to proportional 
balance start at the first junction take-off from Uic supply main 
(in Figure 4 at A) and end at the last circuit return to the return 
main (in Figure 4 at H). 

Tlie pipe plan is now used ns a road map and all possible flow paths 
from A to H through tlie various terminal units ai*e determined. 

Pipe section head loss for eadv possible circuit flow patli are added. 

The circuit flow path that has tlie highest head loss is found by com- 
parison. For this example, tlie circuit flow path from A — t-H 
tlii*ough terminal T-2 has the higljest head loss as shown in Uie com- 
parison below: 


CIRCUIT 

A H Thru T-1 

A H Thru T-2 

A H Thru T-3 

A H Thru T-4 


Pipe 

Section 

Head 

Loss; 

Pipe 

Section 

Head 

Loss 

Pipe 

Section 

« 

Head 

Loss 

Pipe 

Section 

Head 
Lo s {» 


1 ■ 1 

A-B 

1. 9' 

A-B 

1. 9’ 

A-B 

1. 9' 

A-H (T 4 ) 

6 . 6 ' 


B-D 

2 . 2 ' 

B-D 

2 . 2 ' 

B-C(T 3 ) 

14. 4' 




D-F 

1 . 2 ‘ 

D-E(T 2 ) 

34. 9' 

C-E 

1. O' 




F-G(Ti) 

16. 9 ' 

E-G 

1 

1 . 1 ' 

E-G 

1 . 1 ' 



1 

G-H 

6 . 6 ' 

G-H 

6 . 6 ' 

G-H 

6 . 6 ' 



Total Required 
Circuit Ild. Loss 

28. 8 ‘ 


45.7' 


25. O' 


6 . 6 ' 

Highest Hd. Loss 



45.7' 


i 








• 


) 
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STEP 2: READ 1.7’ HEAD LOSS OPPOSITE 
/ 70 GPM FLOW RATE 
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STEP 1: SET RULE (SIDE 1) TO OPEN (O") 
SErriNG FOR 2 ’/ 2 " VALVE 


FIGURE 5. 


FIND OPEN CIRCUIT SETTER. VALVE 
HEAD LOSS — 


, Face B--12 



STEP 3a FIND BALANCE GOVERNING HEAD LOSS; ADD OPEN CIRCUIT 
SETTER ifEAD LOSS TO IHGH llEAP LOSS CIRCUIT 

i 

The highest head loss circuit (A — thru T-,) includes an open 
circuit setter valve (CS-2) in pipe section D-E. The head loss of 
this valve must be added ta its circuit head loss to establish the 
balance governing head loss. 

The o]3en circuit setter valve is contained in pipe section D-E; 
which is abstracted from Figure 4 as below: 
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FIGURE 5a. 


SECTION D-E ABSTIL\CTED FROM FIGURE 4. 


The open circuit se tter valve is linc-sj:icd at 2-1/2" and 11 '>\vc 70 
GPM. Figure 5 shows that for this condition, the circuit setter 
valve will cause ) . 7' head ioss. 

B alanc e g overnin g head loss now becomes: 

HIGHEST CIRCUIT HEAD LOSS (A— <-H .'.hru T^) = 45. 7* 

OPEN 2-1/2" CIRCUIT SETTER @ 70 GPM = 1. 7« 

TOTAL BALANCE GOVERNING HEAD LOSS = 47. 4' 
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STEP 1: SET FOR SELECTION CONDITIONS; 
\ 50 GPM © lti.6' FOR CS-1 


na 30 ^0 'v 
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figure 6. 
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STEP 2' READ POSSIBLE SELECTIONS FOR 
CONDITIONS 50 GPM R8 6 

2" @ 24" 

2V2"@36'’ 

3“ ©47" 


SELECTION FOR CSt^ ? 
tJlRTJOlTSTITTO^ gf .YtrDSIS^ 
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STEP 4 DETERMmE "PRE-SET" CIRCUIT HEAD LQSS REQ UIREMENT 
AND ClKC OlT \*5ETTTN(.; KOUTvAOiUvlT 


The piping layout shown in Figure 4 will bo set in proportional flow 

I 

balance when each separate flow-circuit patli has equal head loss at 

its design flow rate. _ ^ 

gnOINAi: PAGE 18 

OE IPOOR QUAUTY 

In order to achieve this objective', circuit setter valves will be 
"pre-set" for the head loss difference, between Uiat needed for the 
"balance governing" circuit and the "total rcquii'cd) head loss for 
all other circuits. This can be tJibidated as below; 


CIRCUIT 

thru T^ 

A— *-11 thru T 2 

A— ►H thru T 3 

"Balance Governing" 
Head Loss 

47. 4' 

47. 4' 

47 . 4' 

Total Required Head 
Loss /Circuit 

-20. O' 

-45. 7' 

-25.0' 

Circuit Head Loss 
Difference 

18. 6’ 

1.7' 

22. 4' 

Circuit Setter Plow 

1 

50 GPM 

70 GPM 

10 GPM 

Circuit Sutter No. 

CS-l 

CS-2 

CS-3 

Circuit Setter Pro -set 

10. 6' © 50 GPM 

1.7' © 70 GPM 

22. 4’ @ 10 GPM 


The circuit setter valves ai'e niRcctcd for the' conditions shown in tlic 
last tabulated line. The procedure for selection is shown in Figure 6 
for CS-1 

Wliilc circuit setter valves will often be selected smaller than linc- 
siKc, for this example a line-size sc.lection is made as follows: 


CIRCUIT SETTER NO. 

CS-1 

CS-2 

VALVE SIZE 

mm 

2-1/2" 

SETTING 

0 

i 

Open (0) 


CS-4 


3" 
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l^IGURE 7. FINAL PIPE LAYOUT PLAN SHOV/ING CIRCUIT 
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^ 


»3''/130/G-H/6. 6‘ Means: 


*\^50/U, 1'/?.-) /?.•'/ 36/CS-l. . . Means; 


3” Pipe, 130 GPM, G-II Hoad Loss 

6 . 6 ' 

50 GPM @ 21. 1 Ft. Ild. , 2-1/2" 
Circuit Setter Cp 36°fo.r CS-1 
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PUMP MAINTENANCE 



The Series "60" In-line Centrifugal Pump Maintenance Instruction 
Sheet S16946, Parts List aind Performance Curves have been deleted 
because they were copyrighted in 1967, 1974, 1975, and 1976 by International 
Telephone and Telegraph Corporation. For infoirmation contact Bell & 
Gossett, Fluid Handling Division - ITT, Morton Grove, 111. , 60053. 
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» HEAD LOSS ESTIMATION 
PROCEDURES 
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T-2/70 


2’>t770 


A I 

^H.|'/4-/|0 ^ 


T-3/10 
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BID SELECTED 
TERMINAL UNIT SCHEDULE 


errmnai Mig. 
Unit No. 

MBH 

GPM 

T-l 

— 

50 

T-2 

— 

70 

T-3 

... 

10 

T-4 

-- 

80 


ICOMtT^ V-A /S\ lb 

•^4*' ^J 1^3780 

^ *3"/ 130 Means: 

I 3»' Pipe @ 

I For Pipe 

CS-4 I 

T-4/80 I > 


3»' Pipe @ 130 GPM 
For Pipe Section G-H 


arao 


FIGURE 1. EXAMPLE BALANCE PROBLEM 
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HEAD LOSS ESTIMATION PROCEDURES 


Pre-set balance procedures require that each pipe section be evaluated 
in terms of its head loss. For purposes of evaluation, system piping sections can 
be broken into three types: 


1. Distribution Pipe Sections 

The distribution pipe sections are the supply and return pipe sec- 
tions between the equipment room and the terminal unit pipe cir- 
cuits. Distribution pipe sections are exemplified in Figure 1, 

< pagejiZ, by pipe sections A-B, B-D, D-F, C-E, E-G and G-H. 

'Distribution pipe sections usually contain only pipe length, elbows 
and tees. 


2. Terminal Sub-Circuit Pipe Section 

The "sub-circuit” contains the terminal unit and its control valve 
(if used) together with shut-off valves, etc. and is exemplified in 
Figure 1, page 42, by pipe sections B-C (thru T 3 ), D-E (Thru T 2 ), 
— F-G (thru Ti) and A-H (thru T^). 


3. 


Equipment Room Pipe Section 


The equipment room pipe section flows total system flow rate and 
is exemplified in Figure Figure 1, page 42, by section H-A (thru 
boiler, etc.). Equipment room pipe section head loss is not nec- 
essary for proportional pre-set balance, but is useful for final 
flow estimation. 
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^ |H*VlO 
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Distribution 
Pipe Section 

Measured 

Length 

A-B 

30' 

B-D 

40' 

D-F 

42' 

C-E 

50' 

E-G 

60' 

G-H 

132' 


I 

I 

I 

I 

I 

t 

^SYtiOi* 

• 3*7130 Means: 

3** Pipe @ 130 CPM 
For I^pe Section C-H 



FIGURE 2 DISTRIBUTION PIPE SECTIONS REPRESENTED BY 

SEC^rlONS'A-B, b-g, h-T, g-E;~E-G ANt) G-H 


Distribution Pipe Section Head Loss Tabulation Form 


Pipe Section 

4-/5 

eo 

D-F 

C-B 

£-Q 

Q-H 


Flow Rate 

(30 

tzo 

SO 

10 

fO 

130 


Pipe Site 

5“ 

r 


Bj 

EB 

KB 


Measured Length 

30' 

w 

^2* 

50' 

60' 

132.' 


6 

El or Thru Tee 



m 

m 

S3 



7 

a RT 

Side Tee 

m 







- 5 

Valve 








? t 

-d 

Other 

m 






■ 

S 

Other 

m 






■ 

Total Equivalent Length 

^6’ 


60' 


6S' 

/6i' 

n 

Plp« li Fitting Head Loas (Table 1) 

Wk 





m 

!■ 
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ESTIMATING DISTRIBUTION PIPE SECTION HEAD LOSS 

Actu?.! estimation of pipe section head loss is best explained by refer- 
ence to the examples stated for use with the head loss estimation table (Table 1 - 
page C-8), The examples used are for pipe sections A-B and B-D in Figure 2, 
page C-.6r - V 


Table 1 stated the relationships between pipe size, pipe flow and piping 
head loss as affected by total equivalent pipe length (TEL). Since pipe size and 
flow rate is known, the balance contractor need only establish TEL to determine 
pipe section head loss. 

TEL will.be the sum of measured (scaled) pipe length plus the equiva- 
lent fitting length as shown on Table 2, page jC-9. 

• * 

Reference to the examples stated for the head estimation tables illustrate 
such procedural simplicity that tabulation forms (though shown in worksheet 1, page 
are not needed. . Head loss results can be directly entered on the plans since 
only a simple addition (measured plus fitting equivalent length) permits entry into 
Table 1. 


NOTES CONCERNING DISTRIBUTION PIPE SECTION HEAD LOSS 

Distribution piping will commonly occur as between two tees; see sec- 
tion B-D (Figure 2, page C-6). When estimating distribution piping fitting equiva- 

% 

lent length, how'ever, only one tee is used for estimation (as at "B" in pipe section 
B>D). This is because the tee at "D" wdll be included in the evaluation for pipe 
section D-F. 
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HEAD LOB5 C5TD4A now TABUS 


PIPE LgHCTH. FT, 


TABLE I FT. HEAD UOn MTIMATIOW TABLE 


PIPE LCHCTM. FT. 


OQ 

f /iclioa Lo«» 
QfUu; FL /lOO* 

I 

00 



§1 

fg 



1 

4.2 

3.4 

3.6 

8. 3 

7.7 

1,Z 

12.5 

11.6 

10.7 

i 16.6 

15. 3 

14. 3 

20.8 

15.2 

17.5 

25 

23.2 

21.4 

25. 1 

26.9 

25 

33.2 

30.6 

24.6 

17. 4 

34.5 

32. 1 

41.6 

34.4 

36. 7 

45.0 

42. 4 

35.2 

50 

46.4 

47.8 

54. 1 

50 

46. 4 

58.2 

53.4 

50 

62. 3 

57.5 

53.6 

66.4 

61.2 

57.2 

70. 6 

65.1 

60.7 

75 

65 

64. 3 

75 

72.5 

67.5 

43.2 

76.4 

71. 4 

47. 4 

40.4 

75 

51. 6 

44.4 

74.6 

55.4 

44.4 

42 

100 

92.4 

85.6 

104. I 

56. 4 

45.2 

JOS. 2 

100 

52.4 

112. 3 

103.4 

56. 4 

116.4 

107.6 

too 

120. 5 

111. 3 

103. 6 

124.6 

115 

107. 2 

132.4 

122.4 

114.4 

141.2 

130.4 

125 

150 

134 

124. 6 

154 

145.4 

135.7 

166. 4 

153.6 

142.4 

174.4 

161.6 

150 

14 3.2 

165.6 

157. 1 

151.6 

177.6 

164. 1 

200 

185.6 

171. 2 

20 « 2 

1 'il. H 

174. i 

2. 4 

2. 6 

2. 4 


2.6 

2.5 

2.4 

2.3 

2.2 

2. 1 

5.2 

5 

4,7 

4.5 

4. 3 

4wl 

7.5 

7.5 

7.1 

6.4 

6.5 

6.2 

10.5 

10 

5,5 

f.O 

4.7 

4.3 

13.1 

12.5 

11.5 

It. 3 

10.4 

10.4 

15.7 

15 

14. 3 

II. 6 

13 

12.5 

14.4 

17.5 

16.7 

15.5 

15.2 

14.6 

21 

20 

15 

14.2 

17.4 

16.6 

23.6 

22.5 

21.4 

20.7 

15.5 

18,7 

26.2 

25 

23.4 

22. J 

21.6 

20.4 

24.5 

27.5 

26.2 

24.5 

23,4 

21.5 

31. 4 

30 

24.6 

27.2 

26 

25 

34. 1 

32.5 

31 

25.5 

24.2 

27 

36.4 

35 

33.4 

31.4 

30.4 

25. 1 

35.4 

37.5 

35.7 

34. 1 

32.6 

31.1 

42 

40 

34 

36. 4 

34.4 

33.2 

44.6 

42.5 

40. 4 

34,7 

36.5 

35. 3 

47.2 

45 

42. 4 

40. 5 

35 

37.5 

50 

47.5 

45.2 

43. 1 

41. 1 

15.5 

52. 4 

50 

47.6 

45.4 

4J.2 

41.6 

55. 1 

52.5 

50 

47. 7 

45. 4 

43. 7 

57.8 

55 

52.4 

50 

47.6 

45.4 ' 

60. 3 

57.5 

54. 4 

52.1 

50 

47.5 

62.8 

60 

57. 2 

54. 4 

52 

50 

65.5 

62.5 

55.6 

56. 7 

54.2 

52 

68. 2 

65 

62 

55 

56. 4 

54. 1 

70.5 

67.5 

64. 4 

61. 3 

54.6 

56. 1 

73.6 

70 

66.4 

63. 6 

60,4 

58.2 

76.2 

72.5 

65. 1 

65. 5 

63 

60.2 

74.8 

75 

71. 4 

64.2 

65.2 

62. 3 

44 

40 

73-7 

72.4 

67.4 

66.4 

45.2 

45 

40. 4 

77. 3 

73.4 

70.6 

54.4 

50 

•4. § 

• 1.6 

74 

75 

100 

55 

50. 4 

•6. 3 

•2.2 

75 

104.8 

100 

55.2 

50.8 

86. 4 

• 1.2 

110.2 

IG5 

lOO 

55. 3 

50.4 

47. 4 

115.6 

1 10 

104.4 

100 

55.2 

51.6 

120.6 

115 

109.6 

104. 3 

100 

55.4 

125.6 

120 

114,4 

104. 4 

104 

100 

1 31 

125 

115.2 

113.4 

104.4 

104. 1 

3.4 

11 

4. 2 

4, 4 

4.6 

4.4 



Iffi lBIlffllBl 

Hi BH3 IIH2 BHS3 
K! 3K! XKl 9KSI 


51.0 I 57.0 41.0 I 70.0 I 74.0 I 




4. 5 7. I 7. 3 7, 5 7. 7 7. 5 «. | 

IJ 13.4 13.4 14.2 14.1 15 15.5 I4 16.4 |6.0 17, 

15.2 20 20. S 21. 4 22 22.4 23. v «4. 2 24.4 2S. 4 26 

17.5 35 40.5 42 43 44 45 46 47 44 50 

60 62.5 65 67 65 71 73 75 77 74 40 

no 114 114 122 126 124 132 136 135 142 146 

224 213 242 250 257 265 270 270 246 256 102 

408 425 440 455 461 481 455 505 520 535 550 

670 700 720 750 770 800 820 840 860 880 500 

1370 1420 1450 1530 1580 1630 1680 1730 1760 1800 1850 

2500 2600 2700 2750 2850 2530 3000 3100 J2C0 3250 J300 

3500 4100 4200 4350 4500 4650 4400 4950 5100 5250 5400 
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EXAMPLE 1: 


FIYTIN6 IQUIVAICNT LCNCTH TABLE 


.lominal 

Or 

Tw : Flow Thru 

Tee: Side 
Brencti Flow 
In Or Out 

9CP 

Mim 

45“ 

Ml. 

VALVeS 

Pipt 

Silt 



Pi 


CATF 

GLOBE 

PLUG 










•. — 

Screw 

CuOr 

WcM 

Screw 

CuOr 

Weld 

' We«' 

WtU 

All 

All 

All 

\rr* 

1 

1/2 

2 

1 

2-M2 

1/2 

1/2 

15 

1 


1 

1 

4 


4 

3/4 

1/2 

20 

1-1/2 

r 

3 

2>l/2 

* 

3 

5 

1 

3/4 

25 

2 


3-W 

1-3/4 

1 

3-1/2 

6 

1-1/4 

1 

30 

2-1/2 


4 

2 

8 

4 

7-1/2 

1-1/2 

1-1/4 

40 

3 

r 

5 

2-1/2 

H) 

5 

10 

2 

1-1/2 

50 

4 

2‘irr 

6 

3 

12 

6 

12-1/2 

2-1/2 

2 

80 

5 

r 

S 

4 

16 

9 

15 

3 

2-1/2 

90 

6 

r 


5-1/2 


12 

20 

4 

3 

110 

8 

r 


8 


15 

25 

5 

3-1/2 

140 

IG 

r 


9 


18 

30 

6 

4 

170 

12 

r 


11 


24 

40 

8 

5 

240 

16 

1(T 


15 


30 

50 

10 

7 

290 

20 

12* 


18 


36 

60 

12 

8 

320 

24 
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EXAMPLE 3; 

f Determine head loss for 3** pipe, 130 GPM when TEL = 
164* (Section G-H, Example Problem). 

SOLUTION: 


Enter Table 1 @ 3** pipe, proceed to 130 GPM (132), 
proceeding upward it is found that 164* is not shown on Table. 
164* = 100*4 64* SO: 

Head Loss @ 100* = 4.0* 

Head Loss @ 64* (65) = 2, 6* 

TOTAL HEAD LOSS = TT^ 



UJ 

Z 


o 

Ul 

(£ 

D 

< 

Ui 

Z 


o 

CO 


-3* IPS 
J30GPM 






EXAMPLE 1 
DIAGRAM 


Estimate friction loss from A to B given the following 

(1) Pipe Size is 3". 

(2) Flow is 130 GPM. 

(3) Measured length (plan) s 30* 

(4) Tec @ **A** is screwed and 3" aide branch size; f 
is side branch. 

SOLUTION: 

(1) Deterrnine Fitting Equivalent Length 

From Table Z, 3^ Sere? wed tccT, side branch flov 
equivalent length = 16*. Do not include equival 
length for fitting @ 

(2) Determine Total Equivalent Length (TEL) 

TEL = Measured Length + Fitting E. L. s 30* 

46* 

(3) Determine Friction Loss By Use of Table 1 

Enter Table 1 @ 3** L P. S. Proceed to 130 GPh 
next greater (132). Proceed upward to TEL eqi 
to or greater than 46* (47. 5*). Read 1. 9* fricton 
(See Table 1), 


t 


^*D' . 


‘EL" 


4r-3'iPS 
I20<>PM 


FLOW 


THRO 


TEE t 


EL" 




EXAMPLE ; 
DIAGRAM 


EXAMPLE 2: 




Estimate friction loss from B to D given: 


( 1 ) 

( 2 ) 

(3) 

(4) 


Pipe Size is 3" 

Flow is 120 GPM 
Measured Length = 40' 

Pipe Section Includes Screwed Fittings as: 
2 Els + 1 Flow Thru Tee 


% 


SOLUTION: 


( 1 ) 

( 2 ) 


Determine Fitting Equivalent Length from Tabli 
each fitting = 8* E. L. ; Fitting E. L. = 3x8 


Determine B-D Total Equivalent Length; 
TEL = 40* f 24* = 64* 


(3) Determine. Friction Loss by use of Table 1. 

Enter @ 3** to 120 GPM (122) upward, to 64* 
TEL (64. 6); Read 2. 2* Friction Loss 




CS-I I 

ri-u® 


f~y/6o 


cs-e I 


BID SELECTED 
TERMINAL UNIT SCHEDULE 

I nI; I mbhT^ 

T-l — — • 50 

T-2 70 

T-3 — 10 

- ' 80 


|^|V47iO f 


fcoMin V-4 


V ® t 

I J ^V30* 

Lj Kavao *3"/ 


VALVE C.. SCHEDULE 


Valve No. 

«=v 

GPM 

Vi 

24 

50 

Vz 

24 

70 

V3 

4.8 

10 


185 

210 


37130’ 

*3'7130 Meani: 


3" Pipe @ 130 GPM 
For ^pe Section C-H 





FIGURE 3 TERMINAL OR SUB-CIRCUIT PIPE SECTIONS REPRESENTED 

BY PIPE Sections f-g (thru ti^, d-e (THRtJ t?), b-c 


Distribution Pipe Section Head Loss Tabulation Form 




Pipe Section 


Flow Rate 


Pipe Siae 


Meaaured Length 


£I or Thru Tee 


Side Tee 


Valve 


Other 


Other 


Total Equivalent Length 


Pipe Ic Fitting Head Iross (Table 1)1 /<f* 


Unit No, 


Head Lose 


A'B\B-D\D-F\C-E\£-<^\Q~M 


I30\/Z0\S0 10 iO 130 


t/A 3' 3” 


30' \^‘U2'\50'\60'\l3i 





6Cf\53n6t 


1.0' /•/' 


Terminal 


Control 
Valve I 


Total Head Lots with ControlValve 


75K 

/6(& 

/-f' 


r-3 


3' 

r 
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TERMINAL SUB-CIRCUIT HEAD LOSS ESTIMATION 


The terminal sub-circuits (Figure 3, page C-10 differ from the distribu- 
tion piping circuits in that they contain terminal units and fittings. Head loss 
estimation is therefore broken into three parts: 

1. Pipe and Fitting Head Loss 

2. Control Valve Head Loss 

3. Terminal Unit Head Loss 

The total terminal or sub-circuit head loss is the summation of the head 

losses described as illustrated in the calculation sheet under Worksheet 2, page C-10. 

# 

Pipe and fitting head loss procedures for the terminal circuit are exactly 
the same as already described for the distribution pipe sections (see page C-2). 

Control valve head loss determination procedures are based on "C^" des- 
cription of valve capacity. While the procedure is simple, it does require separate 
discussion. C^ head loss procedures are described on the next pages (pages C-12, 13). 

Terminal unit head losses are usually based on "Bid Selected" terminal 
unit manufacturer’s data. Notes concerning terminal unit head loss determinates 
are described on th6 following pages. 


i 

t 
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CONTROL VALVE HEAD LOSS; C PROCEDURE 

— — ..i. — V 

The temperature control contractor will provide valve C^^ descriptions 
to the balance contractor for each control valve in the piping system. 

The terminal C^^ describes the valve flow-head loss relationship and means 
the valve flow rate that is required to cause 1 PSl or Z. 3 ft. head loss across the 
vaK'e. Since head loss varies as the sqiuare of the flow change, the valve can be 

used as the base for estimating head loss for other flow rates. 

Scale 5 on Uie DJ<G System Syzer has been particularly arranged for 
C^ head loss evaluation. To illustrate its use, the example problem will be 
used. The problem states that tlie control valves used for Tj and T^ have a 
Cy s Z4. Flow rates are 50 GPM through Tj and 70 GPM through T 2 . 

For tliis cirevun stance, t!ie C^ mark on Scale 5 is set opposite 24 GPM, 
Valve head loss is read opposite the specified flow rate as below in Figure 4. 



FIGURE 4 


Pa^c C- 12 


TERMINAL UNIT HEAD LOSS NOTES 


The plans will generally contain "scheduled" terminal equipment capa- 
city» flow rate and head loss. The scheduled equipment may or may not be used, 
however, dependent on final bid selection. The terminal equipment schedule 
finally used must be based on the equipment actually "Bid Selected". The "Bid 
Selected" terminal equipment manufacturer should supply "certified" flow rate 
and head loss information for use by the balance contractor. 

The terminal manufacturer may only be able to provide a single certi- 
fied point for some terminal units; head loss for a single flow rate point. Given 
that required flow rate is different from that provided how can the new head loss 
be determined for the required flow? 

Scale 5 of the B&G System Syzer can be used again. To illustrate, the 
terminal manufacturer states that a particular unit has 6* head loss at 4 GPM. 
Required flow rate is only 3 GPM. The procedure for establishing the head loss 
at 3 GPM is shown below as in Figure 5. 



SET 6’ OPPOSITE 4 GPM 


3 4- HEAD LOSS 
OPPOSITE 3 GPM 


FIGURE 5 
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EQUIPMENT ROOM HEAD LOSS 


While equipment room head loss evaluation is not necessary for the pro- 
portional "pre-set" balance procedure, it is useful for evaluation of final pump 
head requirement and for prediction of estimated flow rates through each terminal 
(see page C-2). 

Equipment room head loss determination is essentially the same as for 
the terminal sub-circuit in that it is composed of several parts: 

1. Pipe and Fitting Head Loss 

2. Control Valve Head Loss 

3. Prime Equipment Head Loss (Boilers, Chillers, etc.) 

4. Specialty Equipment Head Loss (Strainers, Air Separators, 

3-D, Checks, etc.) 

Pipe and fitting head loss procedures are the same as described for dis- 
tribution piping head losses. Equivalent length for equipment room strainers, 
checks, etc. shown on the calculation chart. 

Control valve head losses are the same as described on page C-10. 

Head loss for boilers and chillers is available from the manufacturer. 

Head loss for Bell & Gossett specialty equipment (Rolairtrol, 3-D and 
Suction Strainer refer to B&G Product Catalog), 
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2^22SL__ 

rH T-I/3Q 1— 


'^ZV/SO 


CS-I i 

■rt-l-® 


BID SELECTED 
TERMINAL UNIT SCHEDULE 


f-37lB0 I 


-**fc7S0 


T-Z/70 


cs-e ! 


'erminal Mtg. 
Unit No. 

MBH 

CPM 

Ft. 

Hd. 

T-l 


50 

5* 

--2 


70 

12* 

T-3 

--- 

10 

3' 

T-4 


80 

4* 


^IV/K) 


VALVE C SCHEDULE 


ICOIWTI v-4 




t 

_j 

37130* 


Valve No. 

Cv 

CPM 

VI 

*24 

50 

Vz 

.24 

70 

V3 

4.8 

10 

^4 

185 

210 


, I 'S/^900- 

♦ L 

J ^3730 *3"/ 1 30 Mean*: 


T-4/80 


A 

I 

I 

C8-4 I 

■4^ 


3" Pipe @ 130 CPM 1 
For Pipe Section C-U 


FIGURE 6 


ORIGHsTSB SSG® H' 
QUALrni 

Poor, 


EQUIPMENT ROOM PIPE SECTION REPRESENTED BY H-A (THRU BOILER) 


Distribution Pipe Section Head Loss Tabulation Form 


Pipe Section 


Flow Rate 


Pipe Size 


Measured Length 


£1 or Thru Tee 


Side Tee 


Valve 


Other 


Other 


Total Equivalent Length 


Pipe k Fitting Head Loss (Table 1)1 /9M22 | /2' 


Unit No. 


Head Loss 


A‘B\BD\DF\0B\£:Q\G-/f 


I30\I2jd\SO to B0\l30 


3” W 


30' W|f2'|50'|6d'|/J2' 




B-C 

A-H 

/o 

SO 

/r/ 

3' 

69' 

HO’ 


VM\ 

vm\ 


4e\6^'\60' 




|^G3l 


Terminal 



Control 

Valve I Head Loss 


Total Head Loss with ControlValve 


75& 


/9’ Ur /r 26' 


T-/ 7-2 7-3 T‘^ 


3* 


IBQI 

mm 
\mm\^ 


WORKSHEET 3 


3-D US’ 
Rolairtrol 


Boiler 


Total 

















































































APPENDIX D 


SPARE PARTS LIST 


The following Is a list of spare parts recommended for 
the mechanical subsystem. These items are parts that would receive above 
average use or are subject to wear. The possibility of their failure during 
normal use is 'n our opinion greater than those parts not included. Since 
the system pumps are normally stocked shelf items, they have not been included 
Failure of a major pump component would require a considerable period of down 
time for removal, repair and replacement on line. It is therefore left to 
the owners discretion whether to repair or replace the pump. 

All parts listed below should be re-ordered upon their required use. 


ITEM 

SIZE 

QUANTITY 

Grisv;old Flow Control Device 

3/'i" 

1 

Grisv/old Flov/ Control Device 

1 1/2" 

1 

Modumatc Control Valve 

3/'i" 

1 

Hodumate Control Valve 

1" 

1 

Bell f. Gossett Pump Mochanical Seal 

- 

1 

JonI'.iris Doll V.niv^s: 

Tnficn Seal 6 0*Ring Packing 

« 

3//;n 

1 

Teflon Seal & 0-RIng Packing 

1" 

1 

Triac Board Foim A 

— 

1 

Sunkeepsr Controller 

— 

1 


EAJ3B Of 

£00R QP Armi ' 
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APPENDIX E 


EQUIPMENT INFORMATION 


Page E-1 


The Zone Control Valve Instruction Sheet VO 11 84, Rev 3 and 
information bulletin A-412 have been deleted because they are copyrighted 
in 1972 and 1975 by International Telephone and Telegraph Corporation. 

For information contact Bell & Gossett, Fluid Handling Division - ITT, 
Morton Grove, 111. , 60053. 
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SPECIFICATIONS 





FLOW CONTROL VALVE 


CCFMTROLS 


SHORT FORM. 


-gjOlNKn FKGE S 
it? -POOt^jQUAlJTY. 



This specification has been prepared for the convenience of consulting 
engineers for specifying Griswold Flow Control Valves on jobs where a 
lengthy detailed description is not required. 

•The Meter Kit (2.0) is an option which becomes a convenient tool for 
verifying terminal flows where a quantity of flow controls are involved. 


1.0 AUTOMATIC FLOW CONTROL VALVES 

Flow control valves shall be factory calibrated, direct acting, 
automatic pressure compensating type. Each valve shall limit 
flow rates to within j_5 accuracy, regardless of system pressure 
fluctuations. Valve control mechanism shall consist of a tamper 
proof, stainless steel cartridge assembly with open chambei'S and 
unobstructed flow passages. Cartridge assembly shall include a 
self-cleaning, spring-loaded moving cup guided at two separate 
points and shall utilise the full available differential pressure 
to actuate v.-ithout hysterisis or binding. Four differential pres- 
sure ranges shall be available with the mitn'mum range requiring 
less than 2 psid. Each valve to be provided with a metal tag, 
chain and stamped for system i dent’ fi cation. ’Pressure taps and 
quick disconnect valves shall be provided with ferrous bodies. 

All hydronic syitem flov' control volves shall be of one maiu'-rac- 
turer. Fla-/ control valves shall he manufactured by Griswold 
Controls, Fanta Ana, California. 

OPTIONAL ACCr.SSORY 

2.0 FLOW MEASURING INSTRUMENT 

2.1 Furnish portable flow measuring apparatus, complete with carrying 
case, pressure gauge, 3-way valve, hoses and connections. Unit 

to be compatible with automatic fla/ control valves to indicate 
pressure differential to determine flew rate through the valve. 
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tSRiswar.o 

CaWTRC^LS 

12* EAST OYCR |;0AD 
SANTA AlUV. CALir. S270T 


8113P/1ITTAL fJATA 
GRISWOLD AIJTGL^ATIC 
PRBSUHE-COIViPFJSATinG 
COrJSTAirr-FLOW COrWROL VALVES 



OE POOR OUat.ttY 


if Mil 




fA ' • ‘\ \ \ •'^•:* ■ “• : \\ 

ll j * • .i*.*? •• ’/ '■i ’? • • r-!; V A / v;y 

— * 


The Griswold ConstnnM tow CoiUiol Vclve 

The GriivxiUJ coru!jnt*»lo\v co»’.lfOJ viilv« is a tmU:»Jf device, Tre 
ccnirol r.ncuumsfn li lotallv ^nctwsrd v/iihin the Ruic* vystem and 
eonsistv cf iusi t»ne moving p&rt: a porfnratud, spring !o:'!c<i cup that 
moves in rr;p^i:e to cL.^ntes in U.e preisure dro,’ {or dificmntial) 
ecfuss tk)C vd'ivtf. 

As the prc«ur*r drop incrc.^'.rs (which would no^rn^Hy iner^'OTs 
how), Uhs cup i.'.uvei to do:c off a of the r,>an ont.ccs. 

As the picsiurc drop sfeefOr.?cs (v.hlch would romially dcnicaso 
flow), tlu’ ojp o'loves <0 expose sdduuo^tt uniicc Ltecs. 

Tlic rciull ii noim^ni flaw thnvjy* the vtWn. ind**j'rir’cnt cf the 
presvjro drop acres; the vjUo (v iihin the 3 de fined Klow). *1 l»e 
»cU**l flaw idl^ IS ft\ .‘ t the f:.':*orv Ly the .hap3 siid li.ie of the 
orifice or-»i:ugs i.id the sirarrjlh of tlit cpiing 

nicchani.^m. 

Prcscuic-Drop Conlrol Knr.jjo 

V»*hcn the ^pi inn is fully c*Kpendeif (;.t a lov; nresti*ro-tli op level) or 
fully compressed fat a hiijh prcvsu-^*.t;r3p level), ;..i (uilliar move* 
inent cf the cup is possible. The'v two i onr'ilious ihercforc cstahlikh 
the effective preisiirc*drop ran<:(.> v/*thin which the valve can pcrlotio 
its consunt f lov^ control function. 

Beyond lhc>v upper rnd luvA^r limits, the valve <*ct$ c$ a fixed oi if ico 
dc\*ice. With prersure drops below the miniinum, the flow rate 
decreases. With pressure drcix* above the maxioutm, the flow rate 
incicases. The actual flow rate under the»a extrems conditions cen 
he ctct'^miincd hy oplio.nal dilfcruntial-piessurc metciinr) kits and 
convwA ‘>n charts supplied by Griswold. 

Cut in most applications, the valve is selected to c^»cfatc within its 
constant-flow |iressure-drop raisge. 

FffCtory*5^t Flow Ratos 

Since Iha flow rate within the prrsMire-drop rann« is set .it the 
factory, the requited fiosv rate must be specified at the time that 
the valve is crctaict). 

To accommodate a v/ida variety of system icquircments, Griswold 
vaivci arc available with hundreds of different llmvrute settings. 


ranging from 0.B GPM to c* jre than 1 2,000 GPM, Flow accuracy Is 
within :t5% over at lea:t C5% of the pic-ssurc drop control range. 

T.^e charts on th.a follovvihg p?c3S indicate the types and sires of 
valvjs that are cvailable. (Since in most cases ii>econtiol moihanism 
is in the form of rcpl'iccable ca •iif*^s, llovy rjlacan be sd]Uited in 
the field by simple cartridg*: replaccmant.) 

How to Sflovt 0 Griswold Valve 

Giiswcld iM'irUni-flow valvas are aviiilabla in four basic stylci'. 

a) t.nige siae. firng* mnunreeJ, In loih grey and ductile i:ori. 

b) l.lcdium siie. with threaded ends, in o^•>Y iron. 

c) Media n end miniatwic sizes, v.ith tlrreatlcd or solvent vvlM 
ends, in plastic. 

d) Minb.tutI size, with threaded nijd sweat-type ends, ir gray iron 
and wrought CA»pi>tfr. 

Ilie fiiTt step ill s Jecting ,i Griswold valva {> to detcnv.in^ thn cncsl 
suitable style (o. The application. 

With this accomplished, the sfiecific va^ve is setr'^’.ed by followiiig 
the S 3 four easy ;tC|n: 

Step 1 fVcs 5 ura-Drop Control Range 

Determine the required pressiire'drop range by calculating the 
maximum end minimum pressure drops that the valve will experi* 
uicc in uparation. The n.aximjm will typ'C.illy occur svhen all other 
circuits in tiie system arc c>oscd. The minimum will occur when alt 
other ciicui's arc open. Choose the (xessur«j*drop control rang** (see 
selection tables) that most closely matches these values. 

Step 2 Size and How R.ite in GPM 

Within this rango, select th? valve size th.n will provide the required 
flow rate, bach valve si/.e brackets a series of factory set flow rates, 
determined hy taking theJowest GI'M for that size and adding the 
GPM increment shown. Calculate the GPM that will most closely 
approximate the required cate. 

Step 3 Model Number 

The sire and contiol r.ingc v/ill determine a Model Number. In th? 
case of flange-mounted valves, there is a choice of two Modal 
Nuinlicis, depending on whether a gray or ductile iron housinj is 
requited. 

Step 4 Other Options 

Make any other icquired dvcisions, such as pipe or tubing size, where 
there is a choice, and type of end fittings (o.g., threaded, 
solvent- weld, or swvat type). 

L ■/ 





^ IV111\!IATURK VALVES, THREADED APJD SWEAT-TYPE EPJDS 


PSI 

PRESSURE-DROP 

FACTORY-SET FLOW HATES 

NOMINAL 

MODEL NO. 

MODEL NO. 

CONTROL ItANOe 


START 

INCntMhNTS 

MAXIMUM 

SIZE 

(THREADED) 

(SWEAT TYPE) 

1 to 14 

.50 cm 

.CC GPM 

33 GPM 

2.CC GPM 

0/4- 

3521 

3551 

3.00 GPM 

3 33 GPM 

.66 GPM 

11 33 CPM 

t 

1 

3531 

3561 

210 32 

.75 GPM 

I CO GPM 

.5 GHM 

4 0 CPM 

3/4* 

3522 

3552 

4.5 GPM 

50 GPM 

10 GPM 

170 CPM 

1V4 . 1»- 

3532 

3562 

4 to 57 

1.00 GPM 

1.33 GPM 

66 GPM 

5.33 CPM 

3/4- 

3524 

3554 

6 00 GPM 

6.66 GPM 

1 33 GPM 

22 06 CPM 

114 - IV,- 

3534 

3564 

0 to 128 

1.50 GPM 

2 0 GPM 

1 1.0 GPM 

B O CPM 

3/4“ 

3528 

3550 

00 GPM 

10.0 GPM 

1 2.0 CPM 

34 0 GPM 1 

IK .i»* 

3538 

3508 


THREADED TYPE EIMDS 




H' 



DIMEIMSIOWS 


(INCHES 

1 


A 

8 


SIZE 

(NPT) 

MAXIMUM 

MAXIMUM 

a/A** 

3/4 - 14 

3.5 

1.75 

11/2" 

1-1/2- 1 M/2 

G.0 

2.9 


' Add t -1 Z2' (ot Schrmicr valva tat 


SPECinCATIONS 

(*reuurrrrt:mpuatur« ftrlinp 250 PS1/400**F 

Internal P^its AI5I Tyot 300 ttrles pa«*iv3ted itiinlcti 

itMl. With AISI 1 7-7 PH ^09, 

Ooclv MtatcH I 'GfiV Iron A5TM A1 2d C1 T ClalS 30 



gSBjnCO! PACE IS 

•|g3e)fia«4HTY,.r.-- 

OvVL:* i*-l i l*lvrr».. 



DirviEIMSIOfCC 

nNCKE?) 



A 

8 

C 

SIZE 

II.D.I 

MAXIf.rUM 

AtAXir.VJM 

3/4" 

0.678.'0.(;80 (1) 

4.00 

0.082 

M/2" 

1.C::»/l.0'J15 t2) 

6.50 

1.762 


(;) Will acxrpt 0 . 0 . uA^c or lynj K, L Ai 14 copper lubo 
(21 Wil! C 5 U , t 1 - 5 /H” 0 . 0 . lubr or 1 - 1/2 type K, L fit M copp«.r I-jLp 


rpECu-rjAncr's 


Pfenurc/lir.ipi • • ur* r*.4ijqt 
IriUinal P.'t. u 


r*oc^V f**4trr!rl 


250I‘SI/IC0*F 

AISI 4\'p» 3C0 »fr*€i p3:«tv)l«0 iu><ntcs$ attcl, 
ivith AISI 17-7 rr i;»rir.f. 

Wrou:;ht c _ 3 f A'* fl4 u75-C3. Tv'« 1 22 



tKSVALSia'f^Jli! !l«STKl‘?:TifJKS mmTBm'X^ !r;STnUCTSCKC 




(1, fJo spcciant installation lethniquas nn* required. liuUill 
flow ilirrctional firrow in diicction of flow. 

b. Clean lines up sirean. of valve of particlos larger than 
cpproximatply 1/10** diameter (equivalent to 20 mesh 
strainer). 

c. Seal threadcd'cn-l valves with npproved pipe com- 
pound (dope). Terque on rmnll valves sliould not 
exceed 75 ft. lbs. 

d. Assemble flant^ mcmtcd valv.n with studs provided 
by Griswold and flanges and gaskets furnished by 
installer. * 

V — 


u. Giiswold valves arc factorv' assembled and tciled. 
They iuo tamper proof, non-field adjustable. Speci- 
fied flows arc certified within i5%. 

b. Tliosc vrives furnished with pressure fittings may he 
checked with suitebia gauge. If found to ba operating 
out of specified range, refer to conversion tables to 
determine flow. 
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^'\AKI^AUM 


To assuf6 delivciy ot »i'‘ 

laform?.licrt Miou’.o ij;*. 

1. mot’cl N'.nn«5i‘ 

2. Hlovv Hate {To WearosV 

?. Sise anti 'I’Ypf *<' ' 

/S. {£re Acaa« 

•>. TcmtH-tatura oi Hni'i* 
C'. Ryic}, i» other \liitr wa’ 

a) Viv:n..!VV 

b) SiJcaiuC GvavlvY 


Increment) 
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G3AY iaOB VALVES, THSEADSi t EMOc 


PHF SSUm ! -uHOr* 
CONTROL BANGE Ff l 

1.3 to 20 
2 to 32 
4 to 57 
8 to 128 


M/2" & 2" 


.:A,-t('iitY -S£rn O VVM)^ 

-win^rrnM'-T iNCHLL. LNis 

—r. a gpm 

62 2 GVM 

17 5 CPM 

77A - 

3.33 GPM 

t5333 3 33CPM 

5 CPlT 

i« 5 GPM 


ACd 3‘ tor Semader vaivo W 


60 GPM 
too GPM 

75 GPM 
225 GPM 

too GPM j 
30P GPM y 

"TsO GPM 
450 GPM 


ClMENSlOWr 

(INCHES) 


nominal 

Silt 

tVi-iS" 

tvr&2“ 

y 

y 


SPECIFICAT10?'1S 

IV«'.tun^rremptfrtur* n*l^r»3 
Inttrtt?! Psrti 
Body 

Cody Ti»ppit»3* 


C* 

nominal 


^00 ;'SI/200*F. 

tt»'inlc«t *li«L ‘ ‘ 


Gray iron ASTM A^26 l»»T D-ISI 30 
1/4 NPT 




i.tMU 


n *f**rfs* 


mm\ii 

FIG. 1240, %"-3" 

FIG. 1241, with Drain Plug, 


m* *. ■;. ■ r I wViN ••'*•*..** ** -#»■ . ..Km . *,m 

.111 ' tr' 


n J 


no. 1241 


t-C 


FIG. 1240 


[ -....-ts ifi 

'■^*•^4.- Vi- - M ^ 


MATi=?J!ALS LIST 


PART 1 

1 ^ SjPcCl FI CATION 

1 MAfTDV.’HEa LOw.. UU l j 

1 Csdmiuffl riMcd Sleet 


2 li}L?:TiriCA"iff;ri PIA.F I MuminuT. 


3 PErtfhCK.KIP WKfi 


4 

srtM 

5 

FACKfiiG Nlir 

P 

C1AND 

f 

PACKIflG 

b 

PACKTi^G ^'0.''. 


9 BOi 


10 soi[Liv/fu;»: 


11 BODY 


12* Di^AI‘U'LU(? PJ?TLE 


13 nnM»Piuyap 


1-; DKAM'r'LUC.WV.3Hi:l 


Malleabh! iron 


ASTM D^S4. ;jlc/i.57b. SiliC'm Press 


ASTM 


ASTM 06. n 


TrF l.M 


ASV.^ bi?2. i3.-en:»2 


AShw Bt»;v hror. 2 <» 


ASTM L\)/, f'.onze 


Aoihi i.f’t, bronic 


On ! 1 ,^ 1.£4i an; \ liras? ; c 


On Hr. 1/ ♦! or.lv. ilrass ilod 


On fin. i-^1 0-)ly' U'.hbcr 


200 lbs. Non-Shock Cold Water 
For Types K, L and M Copper Tubing 

Solid Wedge 
Inside Serov/ 

Non-Rising Stem 
Screw-In Bo*^net 

Scife prcsturc-tcmpemture rating of solder-joint system depends not 
only on volvc^ fitting and tubing strength, but also on cornposilion of 
solder used for joints. 

Pressure-temperature ratings for solder joints made with typical com- 
merdo! solders can be found in Table A of ANSI B1 6.1 0—1 972 and 
Table I of A\SS SP 73-1970. 


ill 

in 



DtMfiNSIOi 


M I iVi 


Vi 


?.% m 


1.123 


1.379 1 


m T.b29 


2.129 IH 


2.629 


SIZE 


Mr. 1241 


% MA % 


1.0 1 1.5 


1.6 


PA 1 »/, 2 12 


33 4.6 7.1 10.5 


















































































trnmmi mm spasKAvica _ 

, wmm PSiSSSSS: 250 m « 425* f. 


SEBVieE 

«>' "rrsiwic Uiip^p ''■" 


nlacew^'i'l ^ * 

mHller ia pipe 1’*“-*®* 


juinbiiv- — - « * ^ 


COHnJtucTia:is 

diiiwd scat ia tlie smcn o|is««>‘^"* 

chinsd seal ‘«v »ac cap with eppper 

“& '■«■’■ ‘>‘“- 


EtOWOfS: »nij«El»‘j- '“ 


SCPJESiS: :r a; pcr(ov;Ura 

for comitipvcja! “I’P'/ p?!win»ent spefific»l»< 
(nk’kel-co,>5?er alioy) I‘;V^ Ulak'-e 

olhor lu rforalicii^-. nu-taU id m. Ji 
page 6. 

*tTVKH SEUVlCr.: %e" rciforations. 

WATO SlSw V,a" Perforations. 


PRSSSURE drops Sccpajfel. 


tMNlgMSlOH5 Ai40 


> appro 


.LJ£-4 

1 3'V<* I 


iw' ! 

D'/t> 


■ WEICHl 


tvW'iS*’*** 
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ISS3S2I:- 


•HSSSE 




E»D 'T T\'PE STRAIfiraS 



4 


riOtr^pts^To rrffssui'C 

liirough z t fL.u : r ct yj b p.f,;. ‘ 

futcr chnrm; K-f; Cfiig.p ft») rtp'f 
hpmcntciJy la ctrajui ^;;c0*l/4*‘) 
fepj flL*-,^nw::rfl ftr unuvi«r 

(.<fi pbUlulO, 


li.l!PLVH!G rACTr-:J: WI leMiIts cit Iwjcd 
on Ihe use of ,04i (.'iam. throujji Vu" 
am. po.'foralioiic. Correction fattlor for 
» US3 of smaller ptufcraliuns avr.ilable 
in request. 

jsl* iirietl pcrforatciJ screens: mul- 
'ly pressure loss by 1.25. 


DIGGED SCGEEfl.^: These charts represent 
? resiills of tesla contiucted with slraitiei s 
ntammg clean screens. With screens 
% clagg“<f pressure drop results are 
proxiinately double those shov/n in charts. 


'OELLER STEiUl SFEGiAlTY 


30 r.lE.SEROLE AVE. 
BROOKLYN, N.Y. tt2?2 


•fJloit In U.S.A. 



BASKET TYPE STRAINER 


FtAHGEO END 'T TYPE STRAJflERS 



*1 * * i • * a • * 4 * # I i 

PRESStfRe OROI* P.8,1, 

S3T erssr-i vmjE 


fe « * a t • *! 

phessure oroj>-rs.i. 


PKSSSOi'SlE DblOP C23A!,'^TS 


PRESSURE DROP — FEET OF WATER 
MU.EUER GI.OUS TVPr SiUfJT Crs.^CIC VAIVE 



pressure drop •— FEtY Of WATER 
MUELLER WAFER TYPE SlUNY CHECK VALVE 
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« R 5 M 0 U2HK 
GALLONS OF VMTFR TER MINUTE 


ZlZt 





SffilS eESEBEJ 

RG. 1222, 94"-3" 


■ ,'9 f.’ 

IJBJI. _;jra I 

Ixn- "■ 
f! )■, .. 


FIG. 1222 



HAKGCn /.SSS/A&IY 
l<A"t>i,cl 3" vdvtj 


300 tbs. Non^Shock Cold Wafer 
for Types K, L and M Copper Tubing 
Rcgrmding Bronze Disc 


'f ‘ 


Sofe prcsst;rc-fcmpcrorore rofing of sotdcr-jofnt system depends not 
only on vatve, fitting and tubing strength* but also on composition of 
solder used for joints. 

Pressure-tcinperature rotlngs for solder |o7nts mode with typical com- 
mcrctal solders can be found In Tobio A of ANSI B16J8— 197i! and 
Table f of MSS SPv 3~ 1 970. 

















Jk'l 




I C-- 


p 


PAHT 

1 CAP 

2 STOP PLUG 

3 sior mjos 

4 ilAKon; f'lH 

5 HANGCH 

6 RtTAINlrfC. KiTTG 

7 WASKiR 

8 IIAHGEft KUr 

s' HAHCEH NUT PIW 
]Q DISC 

H " BOflY 


rAArh':t.v.^ uir 

~T SPECIFtCAhOK' 


Di.v,Er-ir»vc;N5 - iNa-::;S 


AST// 002, Uroii/c 
A,S1irttl6. OrassRod 

ASTM inS. Jifass nod ' ' 

ASIMS I^ Bf,ti 

ASTf-1 Rfil, iifonie 

^^"•2" iHi ly, nerylimm Ceppef 

r”2" p iily, A"; mF27,~At loy >I GA jif jS j 
2V4”. AStM ISIG, I’imsphor bronze Rod 

3", A5TM 06 1, Bfonye 

a>/i" and 3“. flron/c Cdttct pta 
?i A.S1MlilA0rAlloy3i4, BiotueRod 
r'-3“. A.srvi 06!. Bfwire 
ASTM US2. Cfonre 


SI^E 

Fie, im 


r, 

C 

D 

.s.. 

-P03 


I'/i 

4^ 

X2S 

% 

lit'. 

4r.’ 

m 



"40* 

11.129 1 1 

21* 

40* 

i:379 

1 

2ir; 

Jo*' 

1.629 

v/t 

z% 

40* 

2’l?9 

m 

3?i, 

4D* 

12.67.9 1 i>4 1 

3«1i' 

40* 

13129 1 


414" 

40* 


WEIGHTS-POUNDS 

1 % |y^ |y T% 

.6 1,1 1.2 2.$ 


2 m \ 3 
.6.6 I 95 I4.r 
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COMPACT PATTERN 

FiffiB Bffi®L’EE 

eau. ffiSJE 

FIGS. 1100-R, 1100-T, Solder Ends, ’A"-!" 
FIGS, noo-ni:, nOO-TC SoWer Ends, Vz^-Va" 


400 lbs. Non-Shock Cold Woter, Oil, Gas 

Fig. 1 100-R, Buna N Seats 

Fig. 1 1 00-RF, Buna N Seals, Balancing Stop Plate 

Fig. 1 100-T, Teflon Seots 

Fig. 1 1 00-TE, Teflon Seats, Balancing Stop Plote 


•'I 

.‘S 


• 1 , 








T V™ -.:.T:-Tr ^''T v-7>!*Trrcr^r7r-T'’-*'^5‘ 

Safe pressure-lempcraluie rcKng of soldcr-jolnf system depends not 
only on valve, fitting and tubing strength, but also cn composition of 
solder used for joints. 



( 


MATl'RIAi.S J 1ST 


PART 

SPCCinCATION 

1 UAfiOLF 

luistpicotiHl Sled 

? SUM 

ASIM n-21 /'ttoy <i85, Broii/c 

3 H-ViBLENUI 

Cr.diniu.n fMr.lrd Strd 

4 ICCKWASMIU 

Cadnium rirded Stud 

S 0 RING PACKING 
* 

H"S. ‘t\i. Buna T1 

Tics. HOOT, -If. VilonA(U)p) 
Tctlori tdottoin) 

6 SEAT 

nc.'UOO U.f uiu N 
Fi;». 1103 1, Ipfion 

I 7 r.ATi i 

/i!iTM B71 Alloy 48!i, Bronze 

> R (Al‘ 

ASI!' !i7Kj AiIoy_4!<S. Hioiize _ 

■ 9 CODY 

’ ASfM irjlS.i Ai:frv'A-'-‘>.Hii'ii.’'! 


r:f.V:Nf!CN5-iNaicr. 


SIZE 

A 

B 

c 

D 


r 

y, 

2li 

3li 

1?.; 


I-V. 

.v.?o 

.f;»3 

V* 

2’V. 

3?i 

1'4 



rf-o 

&/8 

1 

3% 

y/* 

1 

i 

1% 

1 

J ' 

/4 

,,, jl.U! 

} \ It-lil.l 


WFIGHY. POUNDS 


sizff'y,' 

V, 

1 

lath 1 5 

1.0 

1 ^ ^ 
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ll^arsh S'candard Oasices 

) Accurate to ± 2% full scale 


! Specifications 

\ 

^ Accuracy 

Grade B Pressure and Vatnuim Geiigo 
speciltcsiions as ostablishod by U.S A. 

Standard D 40.1 -1908. 

; , Accuracy -t 2% of the lota! dial range. 

: S(V.cs and connoctions 

j 1 K*, 2". 2«". 3VS" and 4’A" dial cizes. All 

j eonnociions «»o male N.P.T. 1 J4* size has %" 

botlcin or center back outlet, 2* and 2^4" 
r sizes have !4’’ or JS" bottom cr center back 

■ outlets. 3’// size has bottom cr center back 
outlet. 4J4" size has >i" bottom outint. 

Boui dori tube assembfy 

Por Vacuum end ProiWfcs to ('00 psi 
Till c, tip and socket arc copjier alloy, 

* Assfj.'iibly is ;.al«‘o»cd. 

? 

For ///pf) p4 assures. 1,000 to j,(K)0 ps> 

Ni'Si'an- C nouiUcn lubc: nepper nkoy tip 
and cocket. Assembly is bi ;izi\i above 
3,000 pci. 

fi/lcvernent 

‘ Standard movement Is copper alloy corustruction. 

Plates and .roclor are hard biess slampi;uj,'’.. 

Gem teeth of .svcior ami pinion are precision 
machined to give smooth p(MHi;r inoliori, 

A quality broivio haiispiiny is mat;.had by 
torqua to the pmssuin raivv' of the instit'inent. 
Available \wilh rithat plain nr bushed 
Rec.'ilibraioi movomciits. (See r..dLi;tion rlt.aU'.) 

Dial 

Dials arc made ol rtcci, with white lithe 
bact.«iround and black pritued matter. 


Pliiiii Clcatfioiu— drawn stool, 1V4“. 

Stainlnss Clcarfroitt- drawn stainless steel, 2”. 
Plush Case. Snap lling-drawn steel, 

2", 2'//, 3J4". 

Oil’ Pilled Plain Case, Nonremovable iiiny— 
phenolic, 214", 

Brass Case, Screwed Ring (Compressed Gas) — 
drawn brass, 2", 2'A". 
brawn steel cases and rings ore finished in 
block senthgloss enamel. 

Drawn stainless steel luises have o brushed 
stainless steel hnish. 

Drawn biass oases have a polished 
brass finish. 

Phenolic Cn?© OH-Pil!cd Gattgos—spocial 
construction featiiros 

Neoprent: plug acts as a safety valve, venting 
pressure buildup to picvv:nt blowout. 
Snap-in, iioniomovohta polypropylene 
retaining ting. 

Accurary is h. 3"i fttll rcalo. 

300 scitvs stoinL'ss sift;! inlcrrial 
con.sri'.fction is avt.il, iblo In bottom 
connci tion in schutod ranges. 

2J4" dial t'i;:e only. 

Cup, *3011 rluntimim dial with black nunts'rdr. 

on whiia background. 

Restricts screw is suppn:;d os sranda.d. 
Glycerin filling dampeiis; pulsation oivl 
« v'bration, Suii.'bk'. tor use non —30“ to 
IbO^r, Olhoi tills iiV.iii.tl Ip on special order. 

Brnss Gi'Uuo—t.poGhd conutrur.tion footiiros 
Knurled screwril ring, 

Bovotod glass lens. 

"USt NO OIL" dial for all ranges. 

Cubic fc.it of gar. as well as pirssurc 

imiic.itt’c! on i.utgos of 1,000 psi and above. 
Rectssotl safety blowout b.u.k on hiyli- 
prcM ure models. 

U.L. tipt.noved for ojiygtNi service on high- 
pios.suu; ranges of 1,000 psi ;tnd above. 

Lens 


Cnsa iinltorns and conrtniction 

; Plain Case, Slip Ring— drawn steel, 1 14". 2", 

2Ji",3:r.4!4". 

j. 

i 


All Stnnil.trd C>niigcs are suppiloe! with til.iss 
lens Praiopt (oi Cleaifront cases, which have a 
molded acrylic pic.ss-fit hont. 
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larsh Standard Gauga Selootlon Gu?ds {continued) 


DIAL SIZE 

2H” 

CASE PATTERN 

PInifl 

* 

CONNECTION LOCATION 

Oottoo) 

Center Bock 

CONNECTION SIZE 

H” 

X” 

K” 

X” 






Rccalihrn* 


Rccatibro' 



liocolihra* 



MOVEMENT TYPE 

Plain 

tor Ploin 

Plain 

tor Bushed 

Pluin 

Plain 

tor Rusired 

RESTRICTOR 

None 

Yds 

Yos 

None 

Nono 

None 

Nuhc 

Yas 


VACUUM 

30** ll{|. Vitcuum 

J‘t0i)5^ 

♦ 


134605 


teoT'i 

35405 

38705 



SO^ Hy^x SO nsifi 


J4112 

J4312 

34612 

34812 1 


^3'54f?.' 

'“3571?,'‘ 



30*'H^. X 60|isltt 

pw 

J'm4 

J4314 

34614 

34814 ! 

* 

35*114 

36714 



36” H«. X too psig 


J4116 

34316 " 

34616 

34816 

* 

J5‘41G 

35716 


COMPOUND 

30” Hq, X m \m 

MBIi 

J4ns 


34618 


* 

36418 

35718 



30” 1)9. X 20i) psig 

M||H 




« 

ii 

36420 

JS720 


t 

30” Hfl. X 300 psia 


tk.^3 

J4324 

34624 

34824 

• 

35424 

JS724 

COPPER 


30”Hy.x400psia 


J4126 

J4326 

• 

* 

• 


35726 

AU.0Y 


0 to 30 |x<»iQ 


J4142 

« 

34642 

34842 

im 

JS442 i 

« 

QUnOON 


J tp OO psit) _ 

■■ 

» 

* 

• 

• 


• 

* 

TU86 


Oto OOpsig 

« 

J4146 

• 

3464C 

3484G ' 

35048 ' 

^544»T 




0 to toil psia 

• 

J4148 

* 

34646 

3484S 

35048 j 

35448 

* 


ptiy^c^itnc 

0 to UiU psia 

• 

J4IS2 

* 

34652 

34862 

j'soiiz ' 

JS452 



rnidMJiit 

0 to 200 pr>i| 


J4I54 


34654 

34864 

36064 

35454 

« 



0 to 3flC psia 

* 

J4158 

343!)8 

" 34553 ‘j 

34858 

' 35068 

35458 

j 4 



0 to ^co psia 

• 

J4100 

34360 

34560 ! 

34860 

35060 

35460 

1 * 



6 to oOO psit; 

« 

J4162 

34332 

* 

« 

• 

• 




0 to 600 psia 

« 

« 

• 

J46f£ 

34864 

35064 

35464 

1 



0 to t.OOQ psia 

♦ 

• 

* 


34872* 

« 


■ jsr/i” 

ISPAW’C 


^ 0 to 1.600 pjig 

t 


« 

« 

34874’ 

« 

« 

4 

HIGH 

0 to ?..ii(!o psia 



• 


34876’ 

t 

• 

' 'jfmi 

IkthUUiy 

TURE 

PRESSURE 

0 to 2.{iQ0 psig 

• 

m 

* 

• 

34878’ 

« 

t 

35778 


0 io <.()0Q psia 



t 


'T * 

% 

• 




J? JL®, i>«050,psla 

• 

* 

* 

« 

34882’ 


t 

• 


« 


this C)«scl at n stnch your wftv ht* tlM^d by a v€^fy sintilai liNU^I 

«b>\ If* however* m iiaut«o t>o foiuul to fill yoijr otJcUs;, contact Maish. 

tun ifiKiiott of fcioU ttont ^uUj«« to s\\S\mt 































V^itlUu ' 

53 - ilj; 

st( ' s«'j. 30 ;>^i0 

J!Vi:.;.x CHiisiy 

IC ll{i )f >''f’ 

30''SHi.)tlb-"lpsic 

30' 1 * 3 . X t'sio 
30" Mil. 

30 p'i ‘1 
DOl-ti'j 
60 pC'ii 

100 m'O 

1E0 p.iifi 

300 r-iio 

I 

I bOit ;t^i ' 



Pt’inr>:;'v-io 

' ?..e:o ui-j 

s.f’O'Jriii) 

•Ub'< 




'V 


10" H«. - !^r‘» 

'.iV Hij. -10 1.- i 

16''H8.- U.|»si 
15" H 2.--20 
30" Mil.- 32 pi 
30'' Ht'.— to !»si 


Case Patterns 


PIAIW CASE 

Drawn Ktcel conoiniction^ 

Bottom connection— 1 A i > • ' 


I VH 


nis.-M'S' 
rKg.-'-lfsi 
l-lll!. -7.1’si 
:nig,-3psi 

5"i;8-3psi 

It)" lip Sjisi 
10’'lla.-bpsi 


Spsi 
lOi'ti 
10p$i 
lOpii 
?0?si 
10 |»''i 
30 (ist 
to psi 
JO psi 

'iiCii.. 

l03 psi 
psi 
750i.!-i 
bOOpsi 
psi 


r.q?^|isi, 


1 JiSl 

1 psi 
1 

2 psi 
Spsi 
5 psi 
5 psi 

J &psi 
10 psi 
l Opsi 

30 psi 
2b psi 
25 psi 
100 psi 

IDtlpsi 

ICUpsj 


xn 


A ^ e r 


s««n 

— 

3 

ivi 1 

1*7.4 

’V»i 

2 

27, » . 

VYiiJ. 

2 Vi 1 

2='/.tJ 

VA. 

3 Vi 


V744 

hV. 

' ^*7.4 

1”A4 


' D ! 
(Vi conn.) 


V icbnn.l It 
' 1 % 

27*1 '7*« 


JLJ..- 


Poi-JO" t c c ti u m a 


sO 5 ”*- ^# 4 "fr 

4V, 1 4“/i. T 1 _ I — Li-'t! — I — : 


— B — p-i2ri 



PI.AIW CA?E 

Drawn stool construction 

Ccrrtcr back connection -1 /s . 2 . < 

1 ^ ^ ^ 1 ii ! J 

hV-:r>A± — 

— ,y "T rv4^_lYt*__ 

bV ■ 1 jszhivd. jMi-x "ii -- 
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CLEAR FnOWT PLAfN CASE 

Drawn sioal construction, botton^ or center back 
connection ~ 1 K”. 

Dmwn stainless steel construction, bottom 
connection— 2*. 


BRASS CASE ‘ 

Drawn brose construction 
Dottom connection— 2\ 2H 


Site 

A 

Dll 

E 

TT 

6 


tx 

IK 

•vt« 

l*Ac 


^1 

i 

K 

2 

2»Ai 


i*y« 


Sq. ^ 

% 


OIL-FraGD PIAIW CASE 

Pbonotic construction 

Bottom or corner back connection -2!^*' 


FLUSH CASE ■ 

Dtawn steel coiistructton 

Center bock connection— 2*, Z%", 3H 


\n\ 


KniUHi 

Sirel A 


' 

M 

“rt?v.r 

[«?r 

r* 

r«* j'vK' 



f» 3 *V 5 T 

l-iyr 






Pago E^rlS 
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APPENDIX F_ 

i.P.E.G.H. INSTALLATION DIMENSIONS 


lttr» ^ 

^ ^OQR QCKAtnY 


i ' 

1 

i - 


.t /rpft|e F*l 










cc ptp* mm cotdurcr/am mt»m mu#; 
/9AA>>H/x#r 

u^Arg^ 0/nntAr4U^ »!4g/^49r" 

B. 

nttJkL. Pata : Ma^.^ Z •iffP 
g n-oox o/CMftf AO/A^Mur rt> Z^SCA 

WAtAttm 











HAZARD ANALYSIS 


^4!a» 




1.0 


Introduction 


1.1 Scoye and Purpoae 

The hazard analysis contained herein is intended to evalu- 
ate the inherent safety of the Integrated Programmable Electronic 
Controller and Hydronics Package (IPECHP) , and to present a quali- 
tative assessment of potential hazards in installation « operation 
and maintenance of the equipment.^ The hazard analysis includes 
identification and categorization of potential hazards r and a des- 
cription of the design, procedural and maintenance instructions, 
and documentation used to assure dafe operation of the IPECHP. 


1.2 Background and Approach 

The IPECHP, in its normal operational environment, pre- 
sents no hazards to the occupants of the facility, since the com- 
ponents/subassemblies are located in a locked cabinet in the utility 
area# 


The initial installation on-site is performed by licensed 
electricians and plumbers, in accordance with approved safety codes. 
It should also be pointed out that the b.«sic level of complexity and 
hazard potential of the electrical and hydronics subassemblies in no 
greater than typical domestic hot-water heating systems, and there- 
fore, presents no challenge to the state-of-the-art. 


2 . 0 Safety Criter ia 

The intent of the operational concepts of the IPECHP is 
to provide a completely safe controller and hydronics subsystem 
that can be installed and maintained by suitably trained personnel 
without any hazards to personnel, equipment, or structure. 
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PefinitiQns 


fhe definitions given below are derived from MlL-STD-e82, 
"System Safety Program for Systems and Associated Subsystems and 
Bqaipmenti Requirements for*. 

Safety . Freedon from those conditions that can cause injury 
or death to personnel r damage to or loss of equipment or 
property. 


Systems . A composite * at any level of complexity # of opera- 
tional and support equipment# personnel# facilities# and soft- 
ware which are used together as an entity and are capable of 
performing and/or stupor ting an operation role. 

Hasard . Any real or potential condition that can cause injury 
or death to personnel# or damage to or loss of equipment or 
property. 


2.2 


Hazard Level Categories 




OR POOR QOALriY 


^ese are qualitative measures of hazards stated in rela- 
tive terms. MIL-STD-882 established and defines the following 
categories. The basis is that personnel error, environment# design 
char ac ter ic tics# procedural deficiencies# or subsystem/coinponent 
failure or malfunction* 


a. Category I - Hegligible 

. . . will not resilt in personnel injury or system damage 


b. Category ll - Marginal 

. . , can be counteracted or controlled without injury to 
personnel or major system damage. 


1 

I 

■ i 
■1 

1 




G. Category III - Critical 

. . . will cause personnel injury or major damage, or 
will require immediate corrective action for personnel 
or system survival. 

d. Category IV - Catastrophic 

. . . will cause death or sever injury to personnel, 
or system loss. 

3*0 Hazard Analysis 

This analysis is presented in the narrative form rather 
than as a matrix or "hazard tree" because of the preliminary nature 
of the maintenance approach at this time. The basic design concepts 
of the IPECHP will assure that no hazards exist to personnel occupy- 
ing the facility during normal operation of the heating and hot-water 
system. 


3 . 1 Hazard Identification 

The potential hazards associated with the IPECHP can only 
occur in the event of a malfunction of the protective devices in the 
electrical and hydrinics subassemblies, or during maintenance activity 
which requires personnel access to the IPECHP cabinet. These poten- 
tial hazards would be identified as indicated below. 

a. Personnel - electrical shock, burns, injury due to mechanical 
malfunctions. 

b. Equipment - damage or loss of function due to the compon- 
ent failure. (Damage would require simultaneous compon- 
ent and protective device failure, in the case of the 
electrical subassembly. 

c. Structure - damage or loss of function due to major failure/ 
malfunction of a component or siibassembly . 


3.2 


Source of Hazards 


The possible sources of hazards under abnormal or mainten 
ance conditions are enumerated in the following paragraphs. 


3.2.1 Hazards to Personnel 

During maintenance, the components which operate directly 
from the 115 volt AC power source could present a personnel hazard. 
These are the piimp motors, relays, and the 115 volt/24 volt step~ 
down transformers. 

The piping and heat exchager associated with: the hydronics 
subsystem internal to the IPBCRP could reach a maximum temperature 
of 240”F, which could result in severe burns. Additionally, the 
piping could burst if external pressure regulating/safety controls 
were to malfunction. 

Mechanical hazards to personnel would be sharp edges on 
cabinets, brackets, or the Controller Assembly enclosure, or heavy 
subassemblies that are not provided with handles or other suitable 
gripping means so that they could be inadvertently dropped during 
maintenance actions. 

'nnpfom lAOi IS 

DiKXMt QUALITY 

3.2.2 Hazards to Equipment 

Under abnormal conditions which could result from failure 
of protective devices to operate, the IPECHP could suffer wiring 
damage or burst pipes or leaking couplings/fittings in the hydronics 
subassembly. 


3-2.3 Hazards to Structure 

The cabinet containinf the IPECHP subassemblies could suffer 
permanent damage under highly abnormal conditions (i.e. component 
damage) . However, because of its construction and the fact that it is 
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closed and locked during normal operation, there will be no damage 
to the facility caused by failure of the IPECHP in the extreme and 
very remote possibility of fire or explosion. Since the materials 
in the IPECHP are non-flammable and no volatile fluids are used in 
the system, the cause of a fire or explosion have to come from some 
malfunction or environmental anomaly external to the IPECHP. 


3.3 Level of Hazards 


3.3.1 Severity of Personnel Hazards 

Electrical shock to maintenance personnel could be a 
critical to catastrophic hazard, depending on conditions of skin 
resistance, etc. Similarly burns from the hydronics components/ 
assemblies could be minor or major (marginal to critical) depending 
on the temperature of the part, and whether protective coverings 
had been removed for inspection purposes. 


3.3.2 Severity of Hazards to Equipment 

Wiring damage and/or burst pipes/fittings could result in 
system loss , and therefore are categorized as critical to catastro- 
phic (major) . 


3-^-3 Severity of Hazards to Structure 

Fire damage to the IPECHP cabinet could be classified as 
critical to catastrophic, depending on the number of components in- 
volved. Water damage from burst pipes would be considered negligible 
or marginal. 


3 ♦ 4 Elimination o ^ r Con trol of Ha g arda 

^ ^ ^ C‘<^ntfol of Haaarda to P e raoimel 
3. 4 * 1 . 1 Manufacturin g 

All internal wiring is connected, inspected and tested by 
SKC personnel prior to shipment to the installation point. Ui. listed 
motors, relays, wiring and other associated parts connected to the 
120 volt powerline will be used. The completed IPBCHP assembly will 
bo tested for dielectric withstanding voltage (**hipot") capability, 
and leakage current, in compliance with UL standards. All of the 
t>luinbing in the hydronics package is connected, inspected and tin-ted 
(at 1.5 times the operating pressure) by a licensed steamfittj^r at 
SKC prior to shipment. 

Areas within the cabinet where voltages in excess of 30 
volts AC (r.m.s.) are used aie identified with high-'voltage warning 
labels, and are suitably covered to prevent accidental contact by 
personnel. Similarly, the hydronics subassembly piping is covered 
with insulation and identified by high tempoiature warning labels. 

A plastic shield is used to isolate the hydronics sub- 
assembly, located on the frame of the cabinet, from the controller 
subassembly, located on the door of the cabinet. All mechanical 
parts and enclosures have rounded corners and the edges of brackets 
are rounded to avoid personnel injury. 

There is no overpressurisation protection within the 
IPECIIP unit. However, the external heating system piping must bo 
designed to include suitable automatic pressure-relief valves, and 
manual control valves will be required at the input to the IPECHP 
for use by maintenance personnel. 
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3. 4. 1.2 Installation 


Hydronic and electrical connections to the IPECHP unit 
on-site mist be made by licensed personnel in accordance with local 
building codes and the National Electric Code. Part of the install- 
ation instructions call for assuring that the "green wire ground" 
makes a good connection to the electrical ground of the facility. 

A ground stud on the cabinet is used for this purpose, in addition 
to the third wire in the power cable. 


3 • 4 . 1 . 3 Maintenance 

Maintenance operations will be performed by trained 
personnel who are familiar with safety requirements accociated with 
120 volt AC power and pressurized hydraulic systems. In addition# 
the instruction manuals will include clearly emphasized warnings 
whenever a potentially hazardous maintenance action is undertaken. 
Normally, after any required tests are performed to isolate the 
faulty component, all voltage to the unit wll be disconnected at the 
facility electrical control box before the maintenance action is 
continued. 


3.4.2 Contro 1 of Ha zard s t o J'Uj u i 

3.4.2. 1 Majiutaotur i 

The electrical components are protected from potential 
damage by the cabinet circuit breaker and individual branch fuses 
for each major subassembly. The component insulation is designed 
to be flame retardant and non-combustible. The hydronic subassembly 
could use a number of fluids, but is mainly intended for vise with 
ordinary water, >50 that no toxic or flammable fluids will be present. 


3 . 4 . 2 . 2 Install ation 

Comments are similar to personnel safety during installa- 
tion. All operations will be performed by locensod personnel using 


the same skills requir«Ki for connection of ordinary domestic hoatinql 
and hot-water systena. 


3. 4.2. 3 Maintenance 


Potential haxards to equipment during maintenance activiti^ 
will be controlled by the inherent design provisions. Hiring harnesi 
will allow removal of electrical parts and assemblies « such as rcluy^ 
motors, or the Controller Assenbly without damage or the necessity c 
awkward positioning of heavy parts. The hydronics assembly is 
similarly designed such that on-site maintenance will not damage the 
equipment, provided that normal care is exercised. 


3.4.3 


Control of Hasards to Structure 


Hazards to the^PBCHP structure are controlled by the same 
precautions as apply to equipment ha sards for the manufacturing, 
installation, and maintenance phases. The liklihood that a compon- 
ent failure would also involve failure of a fuse and ciA'cuit breaker 
(in series) to open the electrical circuit is so remote as to be 
considered impossible. 


4.0 


Residual Hazards 




Cr9 


J 


The only residual hazard potential in the present design 
of the IPGCRP is associated with overpressure in the hydronics 
assendhly during a mainccnance action. However, it is expected that 
there will be a pressure indicator and manual shutoff wolves readily 
accQssible to the maintenance person in the event that the exietnal 
automatic pressure-relief system is not functioning properly. 




Huraiiar# fa Iture Modes 


^ ^ Electrical Failures 

The only electrical failur modes, at the component level, 
that could create a hazard would be partial short circuits in the 
cabinet circuit breaker series leg, a fuse (next to impossible) 
and an electrical part, so that excessive current would flow, 
causing melting of wire insulation. The current would have to be 
low enough so that the fuse or circuit breaker in the branch circuit 
of the main facility electrical box does not low, and yet high enough 
to raise the temperature of the wire to the insulation melting point. 
Again, this — even independently of the failure of the protective 
devices in the IPECHP to operate — is an extremely remote, if not 
impossible, condition. 


5.2 Hydronics Failure 

Failure of the piping or connections in the hydronics assem- 
bly would involve cracking or rupture of the piping and/or connection. 
The materials and processes used are rated at pressures over 10 tines 
higher than the bO p.s.i. used in this system, so that the likelihood 
of a major hazard is extremely remote. 


6.0 Safety Documentation 

A safety file will be set up and maintained throughout 
the duration of the program. It will contain copies of all proof 
testing of electrical and hydronic assemblies, records of inspections 
by follow-up services of Underwriters Laboratories and fire inspec- 
tion personnel, and any safety reports tnat might be obtained from 
field experience, together with corrective action taken. 
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